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PREFACE. 



When the greater part of this little work was written, that 
is to say, in the years 1856-7-8, a very limited knowledge 
only of the subject of which it treats had been generally 
acquired;' since that time, however, a considerable advance 
has been made in the science of Eifled Gunnery — and I have 
thought it better to omit, in this edition, a considerable por- 
tion of the matter contained in the former — especially that 
which had reference to lead-covered projectiles — as obsolete, or 
iikely, ere long, to become so. 

The expanding projectiles represented in the Plates of 
the last edition, were — as there stated — merely experimental, 
and described for the purpose of illustrating certain principles, 
rather than with the view of recommending the projectiles for 
practical adoption. It has always appeared to me that the 
employment of any system which entailed the use of lead- 
coated projectiles could only be advocated in the absence of a 
better, or, until a more satisfactory system could be worked 
out ; though I confess that, at the time this work was written, 
I saw no way to the solution of the problem. Since then, 
however, I have succeeded in perfecting a system which, I 
believe, will be found to meet all the requirements of our 
Service, without necessitating the use of lead-coated projectiles. 
This system, being actually under the consideration of the 
"War Authorities, I have not judged it expedient to publish, 
until it has been thoroughly tested. I may state, however, 
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that, up to the present time, the results— obtained under most 
trying conditions — ^have been highly satisfactory. 

The introduction of iron-plated ships of war, and general 
improvement in the means of defence, whilst rendering the 
acquisition of a good system for the construction and employ- 
ment of heavy rifled ordnance a matter of paramount impor- 
tance, have greatly altered the conditions to be observed for the 
attainment of the greatest destructive power with these guns. 

When the employment of vessels of war built entirely of 
wood was universal, the most destructive effect would have 
been produced by the employment of heavy shells fired with 
necessarily limited velocities ; now, the attainment of great 
force of impact and penetrating power has become of much 
greater importance, and a stronger and heavier description of 
gun is therefore rendered necessary. \ 

Enough, however, has been done to show that guns of 
almost any power may be obtained ; the only limit to their 
practical employment being the weight of the gun itself. 

Notwithstanding that this has been incontestably proved by 
experiment, the country — owing to the want of a proper 
system of rifling for guns of this description— -is still without a 
heavy rifled gun. 

When the last edition of this little treatise was published, 
the only rifled gun which had been actually adopted into our 
service was the Armstrong field-piece. From the enthusiastic 
encomiums lavished upon it at the time, I was led, with 
others, to suppose that the gun we heard of was the first of a 
series about to be constructed upon a well-matured and 
approved system; and, as great secrecy was observed on 
the part of the officials, I awaited with much interest the de- 
velopment of this new and perfect theory. 
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During the four yearB which have elapsed, 20-pounder, 40- 
pounder, 70-pounder, and 100-pounder Armstrong guns have 
been constructed, but I have awaited in vain for the de- 
velopment of the theory or system which was expected to 
throw so much light on the science of Bified Gunnery. At 
last it was discovered that there never had been any system ; 
but that the chief difficulties, scientific as well as mechanical, 
were supposed to have been completely overcome by the 
revival, simply, of the obsolete and objectionable method 
of loading the gun at the breech ; in fact, that we owed the 
adoption of this method of rifled cannon into our service solely 
to the mechanical skill displayed in the construction (ailber nu- 
merous experiments) of a cannon of very small calibre, to 
which the manufacturer, by means of an ingenious breech- 
loading apparatus, had succeeded in applying the principle of 
the rifle. Consequently, when guns of a lai*ger size were re- 
quired, each must necessarily have been the subject of fresh 
experiment; which may, in some measure, account for the 
vast expenditure of the last four years. 

Still, it is an undeniable fact, that as these guns increase 
in size their comparative efficiency is not so great as it 
ought to be. This may be partly attributed to the very 
erroneous opinions which are generally entertained respect- 
ing the quantity of rotary motion required for rifled projectiles 
of different sizes. 

In the absence of a proper theory, " the rule of thumb," as 
it is called, appears to have been employed in determining the 
length of turn to be given to the rifling in the Armstrong 
guns of different calibres ; that is, a gun of twice the calibre of 
another has twice the length of turn, and so on. 

Now, as the projectile's stability during its flight depends 
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entirely upon its receiving a proper degree of rotary motioa, 
the length of the turn for large guns is a most important 
matter for consideration, and if it is not given in a proper 
ratio, the efficiency of these guns will be proportionally 
diminished. 

The ratio of increase for the turn in the Armstrong guns is 
clearly insufficient ; and that the inventor himself has some 
Ruspicion tliat it is so, is manifest from the circumstance that, 
for the heavier guns recently constructed, the comparative 
length of the projectiles has been considerably reduced. 
These projectiles require, therefore, a comparatively smaller 
turn; but they compel the employment (when they are of 
a given weight) of a gun of large calibre, which (if my experi- 
ments in gunpowder are to be depended upon) subjects the 
gun to a greater local strain ; and may partly account for 
the mishaps which frequently occur with these guns, and for 
the diminished efficiency of the shot. 

The only motive, if there be one, for giving the length of 
turn in proportion to the calibre of the gun— since there can be 
no scientific reason for it in connection with the flight of the 
projectile — ^must be to diminish the relative force expended in 
the gun in giving the projectile its rotary motion ; but if the 
Armstrong method of rifling does not admit of the employment 
of the proper turn for giving a proportional rotary impetus to 
the shot in the larger guns (see p. 55), it must be radically 
wrong ; as this would prove the existence of excessive friction. 

The turn employed by myself, and the still greater one used 
by Mr. Whitworth for heavy rifled guns, have been stated to be 
disproportional and excessive ; but this is an error. A proper 
investigation of the subject would convince all who entertain 
such a notion that, so far from being excessive, the turn I 
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have used with 7-inch aad 9-inch guns is comparatively less than 
that of the Whitworth musket. 

I would here observe that this, in common with every other 
question relating to dynamical science, cannot be considered a 
.mere matter of opinion, since it admits of the clearest mathe- 
matical demonstration. 

The absurd practice of reckoning the length of the turn in 
calibres instead of in feet and inches, doubtless gave rise to the 
idea that the turn was excessive. A turn of 6 feet, whether in 
a musket or in a Y-inch gun, gives (with an equal velocity of 
translation) the same angular velocity to both shot ; and, reck- 
oned in this way, whether the turn be short or long, we can at 
once form some idea of the comparative quantities of rotary 
motion imparted to the shot ; but if the turn is reckoned in 
calibres, an estimate of the rotary impetus of the shot can only 
be formed after a long calculation. How absurd it would be 
considered if the velocity of translation of shot were reckoned 
in calibres I and yet it is equally absurd to take this course with 
regard to the angular velocity. The laws which govern rota- 
ting projectiles appear to have been sadly disregarded in this 
matter. 

The Armstrong must still be considered an experimental gun. 
The science of Kifled Gunnery was in its infancy when we 
adopted this method. The Tesult was, that it put a stop to all 
progress ; in that experiment, since then, has been almost exclu- 
sively confined to attempts to improve a method, the faults of 
which are inherent ; instead of being directed to the acquisitipn 
of a knowledge of the science which would have led to the for- 
mation of a system based upon sound principles. 

An additional obstacle to progress exists in the strong party 
feeling which, imfortunately, has been created ; and which has 
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impressed the public with the idea that, having pledged them- 
selves to this inventor, the authorities are unwilling, or unable, 
to accept any system which does not emanate from Sir W. Arm- 
strong. 

This feeling has gained ground from the circumstance that ^ 
(his original method not being applicable to large guns) he has 
been allowed, for several years, and at a great cost, to try and 
produce a heavy rifled gun (the shunt) upon a principle which 
must be condemned by all scientific artillerists. 

Although, in advocating what I believe to be the cause of 
science and truth, I have attacked Sir W. Armstrong's princi- 
ples of rifling, I must do justice to his abilities as an engineer 
and mechanician. The country is indebted to him for the only 
successful method of constructing wrought-iron guns; and 
although I disagree with him in nearly all that relates to the 
projection of the shot, I can yet admire the ingenuity and 
mechanical ability he has displayed in carrying out his own 
views. 

In the chapter " On Eifled Cannon," I have suggested that 
the brass service howitzer should be converted into a rifled fleld- 
piece. This was written some time ago ; but', since this edition 
was in the publisher's hands, the trial of a method (proposed by 
Capt. Palliser) of strengthening the service guns, by placing a 
coiled tube in a novel manner in the interior of the gun, has 
been attended — in the case of a 68-pounder gun — ^with suffi- 
cient success to show that it might be applied with great advan- 
tage to the brass howitzers, in converting them into rifled field 
guns; especially as, by this method, an additional length is 
given to the bore of the gun. This would be preferable to 
casting the guns over again, as I have suggested ; and if all the 
old brass field guns were recast as howitzers, and the latter were 



PREFACE. 11 

converted into rifled field gnns, the country would posBess, at a 
comparatively small expense, a reserve of most efficient rifled 
field artillery, which might eventually prove of the utmost im- 
portance. 

If, after being knocked about a little on service, and then 
exposed to the crushing fire of the finest rifled artillery on the 
continent, the breech-loading Armstrong gun should fail — and 
there are many, and I confess to being of the number, who 
look upon such a catastrophe as almost inevitable (a breech- 
loading field-piece, with its many complications, being, in the 
present day, so very hazardous an experiment) — a reserve of 
the above kind might, at a critical moment, be the means of 
saving the honor of the country. 

I have a few words to add on the subject of the " Theory of 
the Action and Force of Fired Gunpowder." This theory, 
although received with much disfavor and incredulity at first 
— as entirely subversive of all hitherto received opinions — ^is 
gradually gaining ground as, day by day, fresh proof is furnished 
of its truth. 

Had it been recognized earlier, there is no doubt that much 
greater progress would have been made towards the attainment 
of a powerfiil and perfectly safe rifled gun for the Naval Ser- 
vice and Coast Defences ; the ordinary theory affording no law 
or method by which the proper distribution of the metal, or the 
best disposition for a given charge of powder in a gim, can be 
ascertained. 
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rN"TEODUOTIOR 

The treatment and discussion of a subject purely 
military by one who is not in immediate connection 
witb the Service, may seem to demand some apology. 
The theory of projectiles, however, presents to the sci- 
entific inquirer ample scope for investigation and experi- 
ment. To pronounce upon the most proper method of 
allying any fresh discovery affecting that theory, is 
solely for the consideration of competent military au- 
thorities ; and whenever I have ventured to express any 
opinion on this point, I wish it to be understood that it 
is under the correction of those who are better qualified 
than myself to judge of what may best accord with the 
practical requirements of the different Services. In 
other respects I have advanced nothing which has not 
previously been proved by experiment. The sugges- 
tions, therefore, which I have hazarded in the following 
pages, however imperfect, may not, I hope, be destitute 
of value. 

As yet we have no satisfactory or conclusive authority 
to which we may refer on the subject of rifled cannon. 
The absence of all such authority may partly plead as 
an excuse for any imperfections in this slight attempt to 
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supply tlie deficiency ; and if the opinions expressed 
here do not meet with the entire concurrence of those 
who are best informed upon the subject, the publication 
of them may at least induce other and perhaps abler 
persons to assist in the development of this interesting, 
but difficult question. 

With the exception of those who- are immediately 
interested in the matter, few persons are aware how 
much scientific research, as well as practical experience, 
is necessary for the acquirement of a knowledge of the 
laws respecting rifle projectiles, and for correctly ascer- 
taining their capabilities. Indeed, it would be difficult 
to find a subject more comprehensive in its nature than 
that of rifled cannon. 

My object has been to throw as much light up'on the 
matter as possible. Whatever contributes to this is all 
the more important, as improvements in small arms ren- 
der a corresponding improvement in cannon, if not abso- 
lutely necessaiy, at least extremely desirable. It is 
quite evident to all who have attentively studied the 
subject, that the same precision and relative efficiency 
which characterize the ordinary rifle can be as certainly 
obtained with cannon ; still I must admit, after much 
investigation and many experiments, that the laws which 
govern the description of projectile to which I pur- 
pose more particularly to direct attention — ^that is to 
say, elongated shot, to be fired from rifled guns — are, 
apparently, not of a nature to admit of any of those 
very startling results, such as ranges of ten and even 
fourteen miles, which have been occasionally spoken of 
as possible. 
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The difficulties in the way of. perfecting the construc- 
tion of elongated shot and rifled guns are very much 
greater in the case of ordnance than in that of small 
arms. The want of a material sufficiently strong to 
resist and control the power inherent in a large charge 
of gunpowder, is also an impediment to such an increase 
of effect as would otherwise, perhaps, be attainable. 

Very effective results may, nevertheless, be realized 
with rifled cannon, if properly constructed. The hope 
of extending the capabilities of this description of can- 
non induced me to turn my attention to the subject, and 
to make various experiments to test the soundness of 
the conclusions to which I had been led in the course 
of my investigations. Some of the results thus obtained 
are explained in the following pages, and may, perhaps, 
lead to useful improvements in gunnery. These results 
relate principally to the laws which should regulate the 
rifling of cannon for the purpose of enabling them ito 
throw a heavier description of shot or shell. Hitherto 
the rifling of cannon seems to have been determined 
rather by accident or caprice than by any fixed and de- 
terminate rules; so that, in fact, every rifled cannon 
which has been constructed can only be regarded as an 
" experiment." 

One of the chief objects which I have in view is to 
show in what manner the principle of the rifle should 
be applied — from an accurate standard obtained in the 
first instance — to guns of all sizes. There would thus 
result to the Government at least this obvious advan- 
tage: the cost of endless experiments would be spared; 
a cost which personal experience has convinced me must 
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be enormous. If the present work, and the experiments 
upon which it is in a great measure founded, tend to 
further the acquisition of sufficient data for arriving at 
the object indicated above, it will be a source of gratifi- 
cation to know that the outlay has not been in vain. 
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ON EIFLED CANNON. 

That great and striking advantages may be derived 
from the employment of rifled cannon, has been long 
and fully acknowledged ; yet is it within a comparative- 
ly recent period only that any serious intention of test- 
ing the applicabiKty of this description of ordnance has 
been entertained. This is a remarkable fact. The 
cause must have proceeded either from ignorance of the 
capabilities of rifled cannon, or from insufficient data 
whereon to establish a fixed principle for their construc- 
tion. Be this as it may, their trial was never attended 
with sufficiently advantageous results to warrant their 
permanent adoption into our service. Had Kobins lived 
to carry out his ideas upon the subject fully, it is prob- 
able that rifled cannon and long projectiles (the advan- 
tages of which that acute and scientific experimentalist 
was the first to appreciate and point out) would have 
been in use a hundred years ago. It would be curious 
to speculate upon the eflfects which their introduction 
into warfare might have produced upon the events 
which have happened during that period. 

The passage so frequently quoted from Kobins's 
"Principles of Gunnery," where he predicts the great 
superiority which will be acquired by the nation first 
employing rif , \arrels in warfare, evidently refers 
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even more to cannon than to small arms. This will be 
seen by a perusal of the %ohole of the passage in ques- 
tion, which is as follows : 

" From the nature of these (i. e.^ rifled) pieces, it is 
plain that they can only be made use of with leaden 
bullets, and consequently cannot be adapted to the ad- 
justing of the motion of either shells or cannon-balls. 
However, from the same principle, whence these pieces 
derive their perfection, other artifices may be deduced for 
the regulating the flight of these more ponderous bodies. 
On some of these methods, which have occurred to me, 
I have already made several experiments ; and there are 
others, which I have more lately considered, and which 
'appear to me infallible. But there are many reasons why 
I should not now engage in a circumstantial discussion 
of this kind. I shall, therefore, close this paper with pre- 
dicting, that whatever State shall thoroughly compre- 
hend the nature and advantages of rifled-barrel pieces, 
and, having facilitated and completed their construction, 
shall introduce into their armies their general use with a 
dexterity in the management of them, they will by this 
means acquire a superiority which will almost equal 
any thing that has been done at any time by the particu- 
lar excellence of any one kind of arms; and Avill per- 
haps fall but little short of the wonderful effects which 
histories relate to have been formerly produced by the 
first inventors of fire-arms." — New Prmciphs of Gun- 
nery, p. 341. 

The use of rifled cannon not only prevents the de- 
flection of shot, and insures greater accuracy of practice, 
but also, without increasing the weight of metal in the 
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gun, admits the employment of heavier shot or shell, 
and obtains more extended ranges than is possible 
through the medium of any othW kind of ordnance. 

When the power and means of projection are limited, 
two methods suggest themselves for increasing the effect 
of projectiles: the one is by increasing their weight, and 
consequently causing a decrease in their velocity ; the 
other, by diminishing their weight, and thus increasing 
their velocity. A very superficial knowledge of gun 
nery will lead to the conclusion that the best effect 
is produced by increasing the weight rather than the 
velocity (particularly when the latter has reached a cer- 
tain magnitude), since the laws of the resistance of the 
air preclude the attainment of any great advantage by 
giving a shot more than a certain velocity. 

As, however, it is not so much required in practice to 
produce the greatest effect' with a given shot, as with a 
gwn of a given weight, the latter should first be taken 
into consideration. Now, the production of great veloci- 
ty requires heavy charges of powder, and greater thick- 
ness of metal in the gun, than is required for a propor- 
tionally increased weight of the shot ; it will therefore 
be advantageous to give additional weight to the shot, 
even at the expense of its velocity. 

To illustrate this point, let us consider the results ob- 
tained by two different kinds of guns used in our ser- 
vice, both of about the same weight (17 cwt.) : namely, 
a 32-pounder carronade, and a 9-pounder iron gun. The 
latter throws a 9-lb. shot nearly 1400 yards at an eleva- 
tion of 4®, and the former, with rather a smaller charge 
of powder, throws a 32-lb. shot about 1000 yards at 
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the same elevation (as may be seen by refeiTmg to the 
Tables of Ranges in any of the Treatises on Gunnery) : 
so that, with the same weight of metal and a smaller 
charge of powder, the carronade throws a shot nearly 
four times the weight of that thrown by the 9-pounder 
a distance equalling five- sevenths of that attained by 
the latter. Here we see that the greater comparative 
result is produced with the shot of the greater weight, 
and not with that possessing the greater velocity. 

Now, if with a gun of the same weight as either oi 
these, a 32-lb. shot could, with the above elevation, be 
sent to a greater distance than the 9-lb. shot, it is unde- 
niable that the means employed would be a sensible im- 
provement upon existing arrangements. Still further 
would this be the case, if at the same time a greater de- 
gree of accuracy could be imparted to the shot. 

This can be accomplished' by the use of elongated 
shot — shot in which, while the weight is the same as that 
of the larger of the two shot above mentioned, the 
dimneter is that of the smaller, and, therefore, the sur- 
face upon which the resistance of the air acts will be 
the same, or nearly so, as that of the smaller. 

It is true that at low elevations the range of an elon- 
gated s^ot of nearly four times the weight of a spheri- 
cal shot of the same diameter will not, with its necessa- 
rily reduced charge and initial velocity — supposing both 
shot to be fired from the same gun — be greater than 
that of the spherical shot, but at greater elevations, 
when the time of flight is longer, the superiority of the 
elongated shot is manifest. The weight of the latter 
being greater in proportion to the surface exposed to 
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the resistance of the air, the velocity will suffer less dim- 
inution from that resistance ; the curve of flight will 
therefore approximate more nearly to a parabola, and 
the range will be much greater than that of spherical 
shot. 

The practical advantages to be derived from the sub- 
stitution of rifled for smooth-bored guns are of sufficient 
importance to render it desirable that this substitution 
should take place within as short a time as possible. 
Very efficient rifled field-guns might be at once obtained 
by boring the brass howitzer blocks to a reduced size, 
and rifling them ; a course I would suggest as preferable 
to that of rifling the ordinary field-gun, for reasons 
hereafter mentioned; and because the howitzers are 
stouter and handier. As an example of the superior 
advantages to be gained by this method, take either a 
12-pounder, a 24-pounder, or a 32-pounder brass howit- 
zer, as at present in use. The first of these, the 
12-pounder of 6 J cwt. — ^having an elevation of 6°, * and 
a charge of li lbs. of powder — ^will throw a shell of 
8 lbs. weight to a distance of 1100 yards. K this 
howitzer were rifled, the greatest general effect, per- 
haps, would be produced by the use of a shell of reduced 
diameter and about 9 lbs. weight ; this shell would have 
an advantage in weight, over the spherical shell of 8 
lbs., as well as a much more extensive range. Were a 
shell more than 9 lbs. weight employed, the charge of 

* I assume an elevation of 5°, because the difference in the ranges will 
be appreciable at that elevation, and it is also one which may be frequently 
used. But it must be remembered that the difference between the range of 
the long and round shell will continually increase with any increase in the 
elevation. 
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powder which could be conveniently used with so light 
agun would be too small, in proportion to the weight of 
the shell, to produce a sufficient range at low elevationa 

A rifled 12-pounder howitzer, when fired at an 
elevation of 6°, and with a charge of li lbs. of powder, 
will throw a shell of 9 lbs. weight and reduced diame- 
ter nearly 1700 yards; a distance one-half greater than 
that which, with the ordinary bore, it would propel 
a round shell of 8 lbs. weight. A rifled howitzer, of 
6i cwt only, could be as quickly loaded as a smooth- 
bored gun of the same weight. As the object of rifled 
field-pieces would be either to act in unison, or to cope 
with the improved rifle muskets, their comparatively 
low trajectory and precision of fire might be considered, 
in certain cases, to counterbalance any disadvantage in 
other respects which might attend their use, such as 
their defective ricochet^ etc. Besides an incomparable 
accuracy, a rifled gun of the above description would 
have the advantage in range and weight of projectile 
over either a 6-pounder field-piece or a 12-pounder how- 
itzer, both of which would be of the same weight with 
it. It would also be equal to a 9-pounder field-piece, 
which is double the weight. The same kind of com- 
parison may be instituted, and superiority evinced, 
in the case of the other pieces which I have men- 
tioned. 

I do not pretend to affirm that the use of lifled howit- 
zers, to the entire exclusion of others, would be advan- 
tageous, since there may be many occasions on which 
round shells would be preferable to others, as for enfilad' 
i/ag and ricochet firing, for instance ; but I am certainly 
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of opinion that such field-pieces as are used for throwing 
.solid spherical shot only might be entirely abolished the 
Service. For these, 12-pounder and 24-pounder howit- 
zers, rifled on the principle which I have described, 
might be substituted with immense advantage, and all 
the old brass guns might be recast and converted into 
howitzers. ^ 

The alteration which I have suggested would be at- 
tended with the smallest possible expense, both with 
respect to its adoption, and (if necessary) to its suppres- 
sion afterwards; in the latter case they. would simply' 
have to be bored out afresh to fit them for service as 
ordinary howitzers, which are not likely to become so 
soon obsolete as the 6-pounder and 9-pounder field-guns. 

By pursuing the above method, a most efficient arm 
could easily, and at once, be introduced into the Service, 
with the smallest possible expenditure, and without ma- 
terially affecting existing arrangements; indeed, the 
Service would be more uniform on this account. 

I consider all breech-loading rifled guns, small as well 
as large, to be objectionable ; and have no doubt that, 
from their general want of simplicity, they will eventual- 
ly become as obsolete as the old breech-loading guns of 
former days. 

The expenditure of time and labor which would be 
necessary to keep a large number of breech-loading guns 
constantly in a fit state for service, both when stored 
and in use, must prove a great obstacle to their general 
employment. Their general efficiency in action also has 
yet to be tested. 

The increase in the relative weight of the breech-load- 
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ing apparatus — ^the increased difficulty and danger at- 
tending the loading — their enormous cost, are all cir- 
cumstances which militate against the use of large 
breech -loading cannon ; so that the general adoption of 
this principle would tend to restrict the employment of 
rifled cannon to those of a comparatively small size. 
Even if breech-loading guns of a large size could be em- 
ployed, the results attainable with them would not 
equal those produced with rifled guns of equal size 
loading at the muzzle. 

Breech-loading field-pieces, unless of the simplest con- 
struction, must always be objectionable in action. It 
may be an easy matter enough for well-trained men 
under the immediate superintendence of a niunber of 
scientific officers at Shoeburyness, to fire so many rounds 
a minute ; but would this be so in action ? A system 
of breech-loading, which a man of common capacity 
cannot learn and retain after ten minutes' teaching; one 
which causes the employment of detached pieces of 
metal ; any, in fact, which requires more than two sim- 
ple movements, one to open and one to close the cham- 
ber, is open to objection. If it is considered necessary 
to employ breech-loading pieces, they ought to be made 
to act with a movement which a man can perform me- 
chanically, as a soldier loads his musket, or a sportsman 
his gun, without having to think over it. 

Great care must be taken, with gims upon this princi- 
ple, that no escape of gas is allowed, otherwise the men 
between decks in a ship, or in a casemated battery, 
would be stifled in working them ; not to speak of the 
loss of power occasioned by it. 
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The constant improvements which are likely to be 
made in breech-loading pieces should render us cautious 
about adopting any one method in particular until its 
superiority has been thoroughly established in actual 
service. 

It is not my intention to disparage Sir W. Arm- 
strong's admirable inventions, but simply to question 
the advantages of the breech-loading principle. Regard- 
ing the Armstrong gun as a scientific engine or machine 
for the projection of an elongated shot, it is a chef 
cPoeuvre; but so much has yet to be learned respecting 
rifled cannon that no one can assert, at present, that the 
Armstrong gun — ^untried as it is — ^is really the best 
suited in every respect for actual warfare. 

Supposing, in the event of a European war, that the 
Armstrong gun bfe found to fail in achieving all that 
has been anticipated from it, what are we then to do for 
rifled cannon ? Surely, some such method as that which 
I have suggested might be adopted, in order, by utiliz- 
ing the principle of the rifle, to place us at once on an 
equal footing with other nations ; without prejudice to 
our finally adopting that description of gun which is 
found -by experience to be the most suitable for prac- 
tical purposes, whether it be the Armstrong or any other 
gun. 

By following the course I have suggested, as heavy a 
projectile, as great a range, and very nearly, if not quite 
as great, precision may be obtained as with the Arm- 
strong gun; and the howitzers might be turned out 
by the dozen, and employed at a very little more than 
the ordinary expense. 
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What we particularly require, for our navy and coast 
defences, are large rifled guns. Our floating and shore 
batteries should be furnished with rifled guns of suffi- 
cient size and number to put all idea of a successful 
attack upon them by ships of war out of the question. 

No rifled gun has yet been adopted in the Service of 
a size sufficiently large for this purpose, or even large 
enough to compete successfully with the 68-pounder 
gun; and it is questionable if a breech-loading gun, 
capable of throwing shells of 2 or 3, or even 1 cwt., 
with a proper velocity, without being too heavy and 
unmanageable, could be made ; since the weight of the 
apparatus will bear a much larger proportion to the 
whole weight of the gun in a large gun than in a small 
one. All large guns must therefore be muzzle-loading. 

No cost should be spared in this matter; besides, 
whatever may be the expense attending the production 
of a like description of ordnance, it would cost other 
nations at le.ast as much, and probably more, to produce 
ordnance of a similar kind; and every circumstance 
which tends to render war a costly affair to all concerned, 
gives England (from her wealth and mechanical skill) a 
considerable advantage ; and serves also as an ad.ditional 
guarantee for the preservation of peace. 
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ON THE TURN OF THE RIFLINa 

In the construction of rifled cannon, too little impor- 
tance seems to have been hitherto attached to the deter- 
mination of the turn, or pitch of the grooves — a point 
upon which, in reality, failure or success almost entirely 
hinges. It is remarkable, also, that no one has attempted 
any discovery or definition of the laws by which that 
turn should be determined ; for, however much opinions 
may differ on this head, it is tolerably clear that there 
must be some fixed laws, applicable to guns of every 
variety of calibre, by which this matter should be gov- 
ernei* 

Although the object I have in view is to explain the 
principle by which the grooves of guns of various sizes 
should, by means of a correct standard, have a proper 
turn assigned to each according to its calibre, rather 
than to attempt to determine the proper amount of turn 
which should be given to the grooves of any particular 
kind of rifle, still it will be desirable to consider, first, 
upon what circumstances the length of the turn to be 
given to the grooves of a rifle depends. It will be un- 
necessary for this purpose to enter upon a discussion of 

* Since the above was written^ seyeral small publications on Rifle Ord- 
nance by foreign artillery officers have appeared; bat as none of the 
theories there put forward are apparentlj the result of experiment, there is 
nothing to be learned from them of the smallest practical use, although the/ 
are eztremelj ingenious, and interesting to read. 
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all the laws relating to projectiles : those only wiU be 
noticed which bear immediately on the subject at pres- 
ent before us. 

The question which suggests itself as the first for our 
consideration is this : What is the cause which renders 
a projectile of an elongated form more efficient when it 
has imparted to it a rotary motion about an axis situated 
in the direction of its flight ? 

It will be admitted on all hands that the correct 
answer to this question is, that such a rotation enables 
the projectile to resist the deflecting power of the air 
better. Robins's definition (which has hitherto been 
usually received as the correct one) of the action and 
utility of rifled projectiles is as follows : « * ♦ * * a 
bullet discharged from a rifled barrel is made to whirl 
round an aids which is coincident with the line of flight, 
and hence it follows that the resistance on the foremost 
surface of the bullet is equally distributed round the 
pole of its circular motion, and acts with an equal effort 
on every side of the line of direction; so that this 
resistance can produce no deviation from that line. 
And (which is still more of importance) if by the casual 
irregularity of the foremost surface of the bullet, or by 
any other accident, the resistance should be stronger on 
one side of the pole of the circular motion than on the 
other; yet, as the place where this greater resistance 
acts naust perpetually shift its position round the line in 
which the bullet flies, the deflection which this irregu- 
larity would occasion, if it acted constantly with the 
same given tendency, is now continually rectified by the 
various and contrary t^idencies of that disturbing force 
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during the course of one revolution." — {TracU on Ghm^ 
nery^ p. 330.) 

Recent investigation of the circumstances attending 
the flight of elongated projectiles shows, however, that 
a rotary movement about an axis situated in the direc- 
tion of its flight alone tends to keep the projectile in 
the plane of its trajectory ; not because the pressure of 
the air is thereby equally distributed round the pole of 
the circular motion, but because the rotary movement 
gives 'a stahiUty to the projectUe, which enables it actu- 
ally to resist the tendency which the projectile has, from 
the pressure of the air, to become unsteady, or to turn 
completely over in its flight. 

Experiment further shows that, in order to obtain the 
best effect with a particular shot, a given velocity of 
rotation should be imparted to it, which will not be the 
same for different kinds of bullets. 

Opinions have differed as to whether the rotary 
motion of the shot arises solely from its constrained pas- 
sage along the grooves formed in the barrel of the gun ; 
or whether the grooves simply impart a first rotary 
impulse to the shot, the rotation being continued during 
the shot's flight by the action of the air agaiost the pro- 
jections upon the surface of the shot. Although many 
persons possessing experience in such matters (amongst 
others, Colonel Beaufoj^ the author of " Sclappetaria}'^) 
have asserted the latter to be the case, all the experi- 
ments made with elongated shot give very decided 
proofs that the former is the correct view — ^viz., that the 
rotary motion given to the shot is caused solel/y by the 
twist which it receives in passing through the barrel of 
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the gnn ; and that the pressure of the air, so far from 
promoting or assisting it in any way, acts continually as 
a check upon it, in proportion both to the length of the 
shot and the velocity mth which it is fired. 

The idea that the air promotes the rotary motion 
which a rifled shot receives is partially founded upon a 
certain supposed analogy between a shot and an arrow; 
and, consistently with this idea, attempts have been 
made at various times to procure for the former a rotary 
motion by means of wings or grooves similar fb the 
feathers of an arrow. The two are, however, by no 
means analogous. An arrow is a shaft of wood pointed 
with iron, which has very little tendency to turn over 
in its flight, for two reasons: firstly, because the resist- 
ance of the air to such a motion is very great, owing to 
the length of the shaft and its comparatively small 
density ; secondly, because the direction of the original 
impulse passes almost exactly through the centre of 
gravity of the arrow, which cannot be secured in the 
case of iron shot. Supposing, also, an arrow to begin 
to turn over in its flight, this motion would be checked 
by the resistance of the air, in consequence of the for- 
ward position of the centre of gravity. 

The feathera on an arrow are usually placed in a 
straight, and not- in at oblique, direction (as some 
imagine), upon the hinder pajt of the shaft. Placed 
obliquely, they diminish the speed and range of the 
arrow. Both the action and effect of these parts of an 
arrow have been greatly misunderstood. In conse- 
quence of the breadth of the surface presented by the 
feathers, any tendency of the arrow to rotate about its 
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shorter axis is checked, and the flight rendered steady. 
Three feathers Mrill thus keep an arrow more steady 
than two, as with three, in whichever direction the shaft 
moves, the flat surface of the feathers will encounter the 
resistance of the air. The feathers also materially con- 
tribute to the arrow following the curve of flight, so as 
to be a tangent to it at every point. 

But with long shot the case is altogether different ; 
these require an equivalent to the long, well-balanced, 
and feathered shaft, with which the arrow is provided, 
in order to counteract the tendency they would have to 
rotate about their smaller axis, or turn over. This can 
only be obtained by imparting to the projectile a rapid 
rotary motion about an axis situated in the direction of 
its flight. 

It is true, that, by constructing a compound shot of 
iron and some light material in such a manner that its 
centre of gravity may be thrown forward considerably, 
and by supplying it with projections, or some sub- 
stitute corresponding to the feathers in an arrow, it may 
be made to approximate more nearly to the condition 
of the latter ; and in such a case, a certain analogy may 
appear to exist between them ; but the shot, from its 
deficiency in length and its more uniform density (unlike 
the arrow), possesses no means of checking any tendency 
to turn over or rotate about its shorter axi^, and conse- 
quently requires a large rotary velocity to counteract it. 

I made a few experiments with long shot, of which 
the front part was composed of iron, and the hinder of 
wood and other light material, firing them from a 
smooth-bored gun ; the resistance of the air prevented 
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these shots turning completely over, but they obtained 
only a very low velocity, and there was an obvious 
oscillating of the " tail " of the shot during its flight. 
And it is clear that, if the projections of the shot are 
sufficient to counteract its tendency to turn over, they 
must materially reduce its velocity, and thus impair its 
effect. In fact, however ingenious many of these and 
other inventions connected with projectiles may be, 
unless the full power of ordinary shot, either with re- 
gard to velocity or range, can be obtained with them, 
they are practically useless. 

Elongated shot, when fired from a ri^j have the de- 
fects of the shot above mentioned remedied by having 
a rotary motion imparted to them in the first instance. 
This gives them a proper degree of stability, and allows 
of their being fired with a sufficient velocity to enable 
them to be used with great effect ; and even if fired 
with a high velocity, the velocity of their rotation, 
being in proportion to that given to their flight, is suffi- 
cient to secure steadiness of motion. If, however, they 
are fired with too great a velocity, they also will have 
an irregular fiight, but not attributable to the same 
cause which produces unsteadiness of flight in an arrow. 

There were foimerly more grounds for the opinion 
that the rotation of the shot was caused by the action 
of the air upon it during its flight, when rifles with 
deep cut grooves were used ; but to suppose it possible 
that such an effect can be produced by the action of the 
air upon such a bullet as, for instance, that fired from 
the Enfield rifle, upon which the projections caused by 
the grooves are scarcely perceptible, seems altogether 
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absurd. K the «a promoted the rotary motion in the 
shot, its effect in that way would be more apparent 
upon elongated than upon spherical shot of the same 
diameter. 

On th^ other hand, if the pressure of the air retards 
the rotation, this effect, too, will be more perceptibly 
with long shot than with round; and as eirperiment 
clearly shows that the rotation of long shot is as rapidly 
diminished as that of round ones, by the action of the 
air, the necessary inference is that the action of the air 
checks the rotation, instead of assisting it. 

Since it is principally, if not entirely, from the resist- 
ance of the air that the necessity for rifling shot arises, 
the proper degree of rotation to be given to a shot will 
depend chiefly upon its length, form, and size ; aU of 
which circumstances greatly modify the resistance of 
the air, and its effect on the shot. 

And again : since the rotary motion is imparted to the 
shot by means of the grooves in the barrel of the gun, 
part of the energy of the charge will be expended in 
overcoming the resistance of the grooves supposed 
smooth, and a still farther portion ia overcoming the 
friction caused in practice by their roughness. 

In the present chapter I propose to apply these prin- 
ciples, togethp with the results of experiments presently 
to be stated, in a general way to the subject of the 
proper turn for rifled guns; reserving for a ftiture 
chapter the statement and proof of an approximate rule 
by which the variation of the turn with the calibre of 
the gun may be determined. 

The question as to the best turn to be given to the 
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grooves in small anns, where the ordinary bnllet of 
about an ounce weight is used, appears to be settled in 
favor of a whole turn in about thirty inches;* but 
touching that which is best for elongated shot, opinions 
somewhat differ. 

^ It will be found, however, upon examination, that it 
is chiefly the difference in the length and shape of the 
shot which causes one rifle to shoot better with a less, 
and another with a greater turn. If the proper length 
of turn were fixed by a correct standard, according to 
the description of the bullets used, the existing disparity 
between the turns of different rifles would be accounted 
for, since the same laws must equally govern both. 

The length and form of the shot are undoubtedly 
the first objects for consideration in this matter, as 
having a direct influence upon the length of the turn. 
For when a shot of a given description is to be fired 
with a given charge, the only way of increasing the 
velocity of rotation is by the employment of a greater 
turn; therefore, as a general rule, whatever tends to 
check or render inefficient that velocity, such as the 
form of the shot offering great resistance to the air, 

* The length of turn, whole turn, or complete spiral are synonymous 
terms, signifying the length of barrel through which the shot would be 
compelled to move in making one complete revolution. The length of turn, 
however, is considered apart from the length of the bore of the gun, which 
may be of such a length as only to admit of the grooves describing a por- 
tion — such as a half, or a quarter, of a turn ; for instance, the bore of the 
gun may be only two feet in length, while the length of the turn is four 
feet — in which case the gun would be said to have half a turn. In general, 
in speaking of the turn of the grooves, we call that a *^ great turn ^* which 
gives a great rotary velocity to the shot, or will cause it to make a com- 
plete turn in a 'short space ; a small turn is productive of an opposite 
result. 
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being of proportions adverse to its stability, or any 
other cause, will necessitate the use of a greater turn, 
proportional to the additional velocity of rotation re- 
quired to be given. Thus a greater or less rotary 
velocity will have to be given according to the position 
of the centre of gravity ; since the tendency of the shot 
to turn over in its flight depends gi'eatly on the position 
of the centre of gravity, the tendency being less when 
the centre of gravity is forward. 

Each of these circumstances unquestionably affects 
the flight of the shot, and therefore exerts more or less 
influence upon the turn. Notwithstanding this fact, 
we frequently find persons advocating the employment, 
some of a greater and others of a less turn, either as 
their fancy seems to dictate, or from considerations 
altogether unconnected with the form of the bullet. 

No one, I think, will deny that of two bullets, the 
one which requires the least angular velocity consistent- 
ly with the attainment of a given result is that which 
presents the greatest advantages. A large angular ve- 
locity requires a sharp turn of the grooves, in conse- 
quence of which the velocity of the shot is diminished, 
both in consequence of the friction, properly so called, 
against the grooves, and the resistance of the grooves, 
whereby the shot is constrained to move in a spiral, in- 
stead of directly forward. The strain upon the gun, 
the recoil, and the tendency of the projectile to fracture 
or to stri^^ are also thereby considerably increased ; 
hence, any advantages which might result from great 
angular velocity, imparted by means of a grooved bore, 
are so nullified by the increase of friction, that in some 
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cases more is gained, in a practical point of view^ by 
lessening the friction, especially with guns used solely 
for horizontal fire, than is lost by diminishing the angular 
velocity of the projectile. 

When, however, a great velocity of translation is 
given to a shot without also imparting to it a sufficient 
turn, the rotation, diminishing with the time of flight, 
becomes at last insufficient to preserve the coincidence 
between the axis of the shot and the line of flight, and 
therefore accuracy of fire at long distances is rendered 
impossible. This is a result which must, of course, be 
avoided, since with rifled guns great accuracy is the 
first thing to be secured. Extent of range, which is 
the next important point, will also be diminished, un- 
less the turn be sufficient to maintain the flight steady. 

The superior range and accuracy of the Whitworth, 
as compared with the Enfield bullet, is due, not alone 
to its small diameter and undiminished weight, but to 
its also having a rotary velocity (a turn in twenty 
inches) in a proportion suitable to its form and length. 

For shot of great length a great turn is absolutely 
necessary. I made frequent experiments with shot, 
ranging in length from one and a half to between four 
and five diameters, in order to ascertain certain points 
in connection with this circumstance, and I invariably 
found that the greater the length of the shot the greater 
was the turn that was required for the grooves. 

In my experiments I found that shot of great length 
turned completely over on leaving the muzzle of the 
gun, although the turn was sufficient to keep a shot of 
less length perfectly straight. This fact, I find, is fully 
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corroborated by Mr. Whitwortb in Ms paper on rifled 
fire-arms {On Mechcmical Subjects^ p. 77); in which 
lie states that the length of turn (6 feet 6 inches) used 
with the Enfield rifie, and which is found to give the 
bullet the rotary velocity necessary to keep it straight, 
was so inadequate for a bullet nearly double the 
length of the ordinary buUet, that the former turned 
over within a distance of 6 feet fi*om the muzzle of the 
gun. 

From this it must be inferred that the stahiUt/y of a 
long projectile of a given diameter is diminished by an 
increase in its length ; and, therefore, that it will require 
a greater rotary velocity than one of shorter length to 
keep it straight. This is perfectly in accordance with 
the mechanical laws, for the greater the length of a 
body, in proportion to its diameter, the more unstable 
will be its equilibrium ; that is to say, a smaller amount 
of force will be necessary to disturb it. Thus, in spin- 
ning two tops of the same diameter, one of which is 
three times the length of the other, the longer will re- 
quire the greater rotary velocity to preserve its equi- 
librium ; but, the equilibrium once disturbed, the move- 
ment about its smaller axis will be less rapid than 
the movement made by the smaller under similar cir- 
cumstances. 

To obtain the best results, therefore, with rifle pro- 
jectiles, it appears, for various reasons, that their length 
must be limited. 
I The greatest length which can be used with effect 
appears, from experiments which I have made, to be 
about' three times the diameter of the shot. When the 
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shot were looger tlian this, I found the range that conld 
be obtained with them waa diminished, on account of 
the great turn and the low initial velocity it was neces- 
sary to give them. On the other hand, when their 
length was less than this, the range was also dimin- 
ished, in consequence of the smaller weight of the shot, 
and the greater comparative effect of the resistance of 
the air; on the whole, therefore, one of three diameters 
in length has sufficient advantage over one of two 
diameters to compensate, in most cases, for the greater 
turn required for it. For small arms, however, the cir- 
cumstances of its length and the greater turn may 
render it practically less fit for service than a bullet of 
the size and form of that now in use. 

The turn of the grooves, whether for rifled ordnance 
or for small arms, will depend, not only upon the de- 
scription of projectiles employed, but also upon the 
nature of the service for which such arms are required ; 
being greater or less according as the gun is intended 
to be used with a high or low elevation. 

It is clearly established by experiment, that a velocity 
of rotation which is sufficient to keep the flight of a 
shot true for a given range, may be quite insufficient for 
the purpose when the elevation is increased. This prob- 
ably arises fix)m the circumstance, that the friction of 
th» air on the shot continually diminishes its velocity 
of rotation, so that, when the time of flight is great, the 
velocity of rotation may be reduced to an amount quite 
insufficient to secure steadiness of flight. When, there- 
fore, the elevation of a gun is great, and the time of 
flight increased, a greater turn will be required for the 
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grooves, in order to secure sufficient velocity of rotation 
througliout the flight of the shot. 

With the military rifle, forty yeitrs ago, one turn in 
10 feet only, or a quarter turn in a barrel 80 inches 
long, and a very heavy charge of powder were used ; 
and it was found, upon trial, to shoot as accurately at 
100 yards, as others with four times the turn ; but the 
latter were found so immeasurably superior to it at aU 
distances beyond this, that the turn was afterwards con- 
siderably increased, {Scloppetcmaj p. 82-86.) 

I wiU now proceed briefly to consider the question as 
to whether — ^with a gun of a given calibre — ^a different 
velocity of prelection would affect the turn ; and I think 
that if we attentively examine the causes which exist 
for giving to shot a rotary velocity, it will be foxind 
that the rotary movement being obtained by means of 
a grooved bore, the velocity of projection will not, 
necessarily, affect the length of the turn, as we might 
at first be led to imagine, that is to say, provided a suitar 
ble turn be given to the rifling in the first instance. 

For the velocity of rotation is always in exact pro- 
portion to the velocity of projection ; and although the 
resistance of the air increases in a higher ratio than the 
velocity, yet, with any increase in the velocity of projec- 
tion, the vis viva of rotation increases in the same 
proportion as the pressure of the air, and therefore the 
same turn will always be sufficient to keep the shot 
steady and true.* Circumstances even occur in practice 
when nearly as great a turn may be required for a low 
as for a high velocity of projection. Thus, when the 

* Seo neit chapter, p. 57. 
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velocity of projection is small, the flight of the shot 
becomes more incurvated, and high elevations usually 
accompany low velocities (as with mortars), in which 
case the time of flight is also extended ; both of which 
circumstances conduce to the employment of a great 
turn. 

Kifled projectiles fired from mortars would generally 
acquire moderate and even low velocities ; but a com- 
paratively great turn will be necessary, on accoimt ot 
the great elevation at which they are always fired, to 
enable them to maintain the accuracy of their flight to 
the full extent of their range ; for the velocity of the 
projectile has its least value soon, after passing the ver- 
tex of the curve of flight, and during the descent of the 
shot its velocity will continually increase, whilst its 
rotary movement will continually diminish. 

For horizontal firing, on the other hand, great range 
and force of impact being an object, it would be neces- 
sary to employ the highest possible projectile velocities. 
With guns of heavy calibre, this would be promoted by 
the use of a shorter projectile, and a comparatively 
smaller turn ; the weight of the projectile being main- 
tained by increasing the diameter of the bore. 

With guns of large calibre, the greatest range at low 
elevations may be obtained in the manner above men- 
tioned ; but, if fired at the higher elevations, the flight 
of the projectile will not by any means be so accurate 
as that of a longer shell fired with a greater turn and 
longer velocity; nor will its range at the higher eleva- 
tions be so good. 

This proceeds both from the better sustained velocity 
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of the longer projectile, and from the fact that, when the 
turn is sufficient to keep a projectile steady throughout 
its whole flight, the surface exposed to the direct resist- 
ance of the air becomes greater in proportion as its 
flight becomes unsteady ; and this not only causes de- 
flection, but also diminishes the velocity.* 

Thus we obtain widely different results, according as 
we give, on the one hand, a considerable turn and a low 
velocity to a shot, or, on the other, a slight turn and a 
greater velocity. I^ therefore, it were found expedient 
to employ both these methods, care should be taken 
that neither be exaggerated; as in the one case the 
range itself^ and in the other the range at which a proper 
degree of accuracy could be attained, would be too much 
diminished for practical purposes. 

* From the circnmstance that the actual range and force of impact of 
shots "which have a rapid rotary motion imparted to them, is frequently 
greater, from their steady flight, than that of others which have only a 
slight rotary motion, has probably arisen the absurd idea that a violent 
rotary motion causes the shot to penetrate, or J>ore its way into hard sub- 
stances. 
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ON THE MANNER IN WHICH A DIFFERENCE 
IN THE CALIBRE INFLUENCES THE TURN 
OF THE RIFLING. 

This qaestion, if not the Jiret, is one of the earliest to 
which attention should be directed; for, certainly, no 
experiments connected with the mechanical part of the 
application of the principle of the rifle to cannon can 
possibly be productive of satisfactory results, until the 
effect actually produced on the flight of the projectile 
by an alteration in its size be first clearly ascertained. 

The difficulty of estimating the exact amount of angu- 
lar velocity required for shot of different forms, and the 
effect of the action of the air upon them, preclude the 
possibility of any determinate length of turn being as- 
signed beforehand, by theory, for any particular kind of 
shot, this can only be learnt by experiment. For -shot 
of different diameters, but of similar forms, a graduated 
scale may, however, be formed ; since in whatever man- 
ner a difference in the diameters of shot may influence 
the turn of the rifling, it will always be in a fixed 
ratio. 

As, therefore, some modification of the turn will be 
found necessary in all cases where the shot materially 
differ in fonn, length, etc., it must be supposed, before 
entering into any explanation respecting the relative 
turn to be employed for guns of different calibres, that 
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the description of projectile, and the turn most suitable 
for it when fired from a gun of a given calibre, have 
first been decided upon. Assuming these to be already 
ascertained, I propose to inquire what turn should be 
given to a bullet similar in all other respects, but of dif- 
ferent diameter. Lest, however, the propositions which 
I am about to advance should be thought to savor too 
much of theory, 1 may observe, that all the arguments 
made use of have been suggested, and all the conclu- 
sions confirmed, by a long course of practical experi- 
ments. 

Hitherto, in rifling cannon, two extreme methods ap- 
pear to have found most favor: one consisting in giving 
the grooves a length of turn of about the same number 
of calibres as in a rifle carrying an ounce ball; the 
other, in giving them' a turn of scarcely greater length 
than that used for small arms ; no satisfactory reason, 
that I have ever heard of, being assigned for either sys- 
tem. The advocates of both these methods appear to 
overlook the fact that the circumstances attending the 
projection of the shot, the resistance of the air, time of 
flight, range, velocity, etc., will all be in a different ratio 
to each other with a gun of large calibre, to what they 
are in one of small calibre, and must therefore be con- 
sidered. 

Others, again, are of opinion that the length of the 
turn should depend, in some measure, upon the length 
of the gun; that a quicker turn should be used with a 
short, than with a long gun. This is clearly a fallacy ; 
for if the shot would acquire a suflElcient rotary velocity 
when fired from a long gun with a less turn, it would 
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not require a greater when fired from a short gun. The 
length of turn must depend alone upon the rotary ve- 
locity required for the shot ; and the comparative turn 
for shot which diflfer in size only will depend entirely 
upon the comparative influence of the air upon them. 

All who have any knowledge of the science of gun- 
nery are aware that, the velocity of projection being the 
same, large shot range further than small ones, costeria 
paHixus. 

This circumstance is noticed and explained by Robins 
in his " Tracts on Gunnery." At page 256, he observes, 
that: "A 24-pounder loaded in the customary manner, 
and elevated to 8°, ranges its bullet at a medium to 
about a mile and a half; whereas a 3-pounder, which is 
half the diameter, will, in the same circumstances, range 
but little more than a mile; and the same holds true in 
the other angles of elevation ; though, indeed, the more 
considerable the angle of elevation, the greater is the 
inequality of the ranges. Now this diversity in the 
'range of unequal bullets cannot be imputed to any dif- 
ference in their velocities, since, when loaded alike, they 
are all of them discharged with nearly the same celeri- 
ty ; but it is to be altogether ascribed to the different 
resistances they undergo during their flight through the 
air: for, though a shot eight times the weight of another 
has four times the resistance,, yet, as it has eight times 
the solidity, the whole retarding force which arises from 
the comparison of the resistance with the matter to be 
moved ,will be but half as much in the larger shot; and 
thus it will always happen (whatever be the size of the 
shot) that the retarding force of the air on the lesser 
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shot will be greater than the retarding force on the 
larger, in the same proportion as the diameter of the 
larger shot is greater than the diameter of the lesser." 

We have, therefore, to consider, in rifling guns of large 
calibre, in what manner the relative increase in the 
weight and size of shot will affect the turn, this being 
absolutely the only point on which those projectiles of 
the same form and densitijy^ will differ. 

A long shot fired in a vacuum would in general re- 
quire no rotation at all ; for although it would always 
turn over in its flight, still, there being no resistance to 
its flight, this would not be attended with an injurious 
effect on its velocity or direction ; the practice would 
be equally accurate whether the gun were rifled or not. 
It would, under such circumstances, only become neces- 
sary to rifle the gun in order that the projectile might 
always present the same end foremost; but a small 
velocity of rotation would probably suffice for this pur- 
pose. 

A round shot fired in a vacuum would require no 
rotary velocity whatever, for it is only the resistance of 
the air, acting in an oblique direction, in consequence of 
the rotation of such shot about an uncertain axis, which 
causes the deflection always noticed in practice. 

The resistance of the air being, therefore, the chief 
cause which renders the rifling necessary, whatever tends 
to lessen this resistance, or its effect on the shot, will 
allow a corresponding diminution to be made in the 
velocity of the shot's rotation. 

In estimating the amount of resistance offered by the 
air to shot of different diameters, it is a common error 
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to take into account the action of the air upon the pro- 
jectiles at the first instant of their motion only ; or, in 
other words, it is generally believed, and often stated, 
even by able writers, that a shot double the diameter of 
another, and therefore having half the extent of surface 
as compared with the weight, will only suffer half the 
amount of resistance from the air. 

In order to show the err^r of this opinion, let us 
suppose two shots of similar form and the same density, 
but the diameter of one double that of the other, fired 
with the same initial velocity. It is then perfectly true 
that, at the first instant of projection, the resistance 
of the air on the larger shot is four times that on the 
smaller; and since the weight of the larger is eight 
times that of the smaller, the larger will be retarded 
only luiilf as much as the smaller. In consequence 
of this, its velocity is maintained for a longer time, 
so that at every other instant of its flight it will be 
greater than that of the smaller, and the resistance 
of the air will therefore be more than four times as 
large ; or, in other words, the total resistance of the air 
will be relatively more than half what it is on the 
smaller, and therefore not in proportion to the differ- 
ence between their weights and surfaces. So that, if the 
angular velocity or turn of the rifling were reduced one- 
half in a shot twice the diameter of another, it would 
not be sufficient to meet the additional resistance arising 
from the greater mean velocity of the larger shot; or, in 
other words, the via viva of rotation would not be in the 
same proportion to the vis viva of translation, or to the 
resistance of the air, in the larger, as in the smaller shot. 
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By having the turn in the ratio of the diameter 
of the bore, or of the same length, in calibres, the rotary 
impetus is in proportion, neither to the qaantities of mo- 
tion, nor to the quantities of resistance in shot of differ- 
ent sizes ; nor does it secure an equal degree of stability 
to each. 

Instead of the proportion thus shown to be errone- 
ous, theory and practice both point to the conclusion 
that the proper degree of rotary velocity, which should 
be given to shot of different sizes, but of the same form 
and density, should vary very nearly as the square roots 
of tMi"^ diameters. This I will now proceed to estab- 
lish. 

In considering the question of the rotary velocity re- 
quired for shot of different diameters, it must be borne 
in mind that the rotary and progressive movements are 
separate and distinct from each other ; and that when 
the velocity of progression is constant, the rotary velo- 
city will vary with the length given to the turn of the 
rifling. 

Now, it is evident that the proper degree of angular 
velocity for maintaining the stability of a shot of a given 
size and form will not be the same for a shot of a dif- 
ferent size, since the conditions alter with the size. 

But whatever the size of the shot, the resistance 
of the air to its progressive movement will always be in 
proportion, not only to the surface and square of the ve- 
locity, but also to the vis viva of the shot ; for although, 
when the initial velocity is constant, the resistance 
of the air, from the smallness of its surface as compared 
with its weight, is comparatively smaller upon a large 
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shot when it first leaves the gun, yet the retarding force 
of the air upon it during its whole flight will depend 
upon the vis vwa^ or relative quantity of work accumu- 
lated in the shot at the moment when it quits the gun. 
It remains, therefore, to ascertain the degree of angular 
velocity, or length of turn, necessary to secure in shot of 
different sizes the same relative amount of vis vi/oa^ or 
work, in their rotary as in their progressive motion. 

Now, supposing the same initial velocity to be used, 
and the vis viva of translation, therefore, to be relative-' 
ly the same for each shot, if the length of the turn 
remain constant, the angular velocity will be the, same, 
however large the diameter of the shot ; but the vis 
viva of rotation will differ with the diameter : for 
instance, in a shot twice the diameter of another in size, 
the vis viva of rotation — ^in obedience to the laws which 
govern rotating bodies — ^will be in the proportion of 16 
to 1, or relatively twice as great ; and therefore would 
be greater than required. If, on the other hand, the 
turn be of a length in proportion to the diameter of the 
shot, the angular velocity will then be reduced one- 
half ; that is to say, the larger shot will make only one 
revolution in the same space of time in which the 
smaller revolves twice ; but the vis vvva of rotation will 
be in the proportion of 4 to 1 only, or rdatively one- 
hdf that of the smaller, which is less than is necessary. 

Now, seeing that relatively twice the vis viva of ro- 
tation is produced in a shot twice the diameter of 
another by the same angular velocity, and that relatively 
one-half only is produced by half the angular velocity ; 
it follows, that, to produce relatively the samfie vis viva 
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of rotation, the square of ike angvla/r velocity (and not 
the angular velocity) must be one-half less in the larger 
shot. The angular velocity of the large shot must, 
therefore, be reduced in the proportion of 1 to y^2, and 
the length of turn for giving this velocity will con- 
sequently be in the proportion of 4/2 to 1, or in the ra- 
tio of the square root of the diameter of the shot. By 
maintaining this proportion the same stability to the 
-shot will always be secured, as the vis viva of rotation 
will always be in the ratio of the vis viva of translation, 
and the retarding force of the air, in shot of all sizes ; 
and although the turn of the rifling becomes compara- 
tively greater as the calibre of the gun is increased, the 
angular velocity of the shot is diminished in proportion, 
and relatively the same force will be eafpended in gwns of 
every caMbre in gvoing the rota/ry movement to the shot. 

Again : we find (from a proposition demonstrated by 
Professor Euler, and which may be regarded as one of 
the few certain rules we possess with regard to the 
flight of projectiles), that " bodies of the soms density 
and form^ projected with the same elevations^ and with 
vdocities as the squa/re root of their dia/meters^ wiU de- 
scribe similar curves^ as the resistance wUl be in the ratio 
of their quantities of motion ;" a fact which shows that if 
the resistance of the air varies as the square of the 
velocity, it is also in the ratio of the relative vis viva of 
the shot.' 

As the resistance of the air upon shot of different di- 
ameters, projected with velocities as the square root of 
tlieir diameters, is in the ratio of their quantities of mo- 
tion, it follows that the rotary impetus should also be in 
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the same ratio ; consequently, for the quantity of rotary 
motion to be in the ratio of that of the progressive mo- 
tion — ^that is, for the large shot to make one revolution in 
the same space of time, or have the same angular velo- 
city as the small, when fired with the above velocities — 
the length of the turn must be increased in the same 
proportion, or as the square root of the diameter of the 
shot.* If, then, the turn be sufficient in one instance, 
by following this method, tJie arigula/r velocity (what- 
ever the velocity of translation) wiU ahvm/s he in the 
aamie ratio to their comparati/ve resistances with sTwt 
of all sizes. ' 

Another method of computing the comparative effect 
of the air upon shot of different siaes is to compare their 
terminal velocities. 

A shot descending through the air solely under the 
influence of gravitation, will gradually increase in 
velocity until it meets with a resistance from the atmos- 
phere equal to its own weight ; the impelling force and 
resistance being then equal, it will continue to descend 
with the same uniform velocity, which, of course, will dif- 
fer according to the weight and diameter of the shot, but 
which is in every instance called its "terminal velocity.'' 

It has been computed that the terminal velocities of 
shot are proportional to the square roots of their diam- 
eters nearly ; thus the terminal velocity of a 3-lb. shot 
is about 290 feet a second, and that of a 24-lb. shot 
(which has twice its diameter) about 420 feet (Hutton, 

* In fact, if « is the angular velocity, and « the linear velocity of the 
shot, and I the length of the tnm of the grooves, w = — — , and therefore 
2 oc 9 when o is constant. 
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'Bract 37, Problem X) ; so that if these two shot, in fall- 
ing through the air, had each attained its terminal 
velocity, the smaller would continue to descend with a 
velocity of about one-third less than that of the larger, 
the retarding force of the air being, relatively, really so 
much greater upon it.* It should be noticed, however, 
that the shot in falling would never actually acquire this 
terminal velocity, but one which would approximate 
closely to it. 

It is observable in practice, that the ranges of round 
shot of various sizes, when fired with ordinary charges 
and similar elevations, will, as a general rule, be found 
proportionate to the terminal velocity of each shot. 

Supposing long projectiles of the same form, but of 
diflferent sizes, always to move point foremost, their com- 
parative terminal velocities will bear the same ratio to 
each other as those of round shot, provided the descent 
of each be equally steady ; it is for this reason that the 
perfectly steady flight of elongated shot is of so much 
importance, for a want of steadiness not only causes 
more or less deflection in the projectile, but will consid- 
erably diminish its range. 

The following is a table of the diflferent terminal 
velocities of round shot, of various sizes, taken from 



* When shot, similar in form, but of different sizes, are fired with the same 
initial velocities, the larger will always maintain a superior degree of veloci- 
ty. When, therefore, the weight of the gun is limited, and the circumstan- 
ces under which it can be tised conveniently admit of the employment of 
greater elevations, the advantages — especially with the heavier kinds of ord- 
nance — are enormously in favor of a heavy, over a light, projectile, although 
the latter be used with a greater initial velocity ; as (except at short dis- 
tances) a greater proportionate effect can be produced with a larger shot, 
and a lower initial velocity. 
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Hutton's Tables {Tract 37, Problem X.) ; to whicli 1 
have added their respective ranges, when fired with 6° 
of elevation, and with charges equal to one-third of their 
weight ; that is to say, with initial velocities of about 
1,800 feet a second. 



Weight 
in lbs. 


' Diameter 


Terminal Velocitf 


Bange at 5» 


In Inchea. 


in feet 


In yarda. 


1 


1-928 


247 


1,100 


2 


2-423 


277 


1,210 


8 


2-778 


297 


1,800 


4 


8-053 


811 


1,400 


6 


8-494 


838 


1,520 


9 


4-000 


856 


1,650 


12 


4-408 


874 


1,700 


18 


5-40 


400 


1,780 


24 


6-546 


419 


1,850 


82 


6-106 


440 


1,950 


42 


6-684 


461 


2,050 


68 


7-95 


580 


2,240 



The terminal velocities of spherical shells are to those 
of spherical solid shot of the same diameter, in the ratio 
of 1 to i/Ts. 

The terminal velocity of a long shot, as compared 
with that of a round shot of the same diameter, will be 
about as the square root of the weight ; and the addi- 
tional range acquired by the lolig shot should be in 
about the same proportion. 

An Enfield bullet, which, from its form and density, 
has very nearly the same terminal velocity as a 1-lb. iron 
round shot, has also a similar range when fired with 
the above elevation. 

In order to illustrate the method here proposed for 
finding the proper length of turn for guns of various 
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calibres, we will suppose that it is required to find the 
proper length of turn for a gun with a bore 4*2 inches 
in diameter, it having been previously ascertained that 
a turn in 64 inches is that most suitable for a gun hav- 
ing a bore of 1*2 inches in diameter; the shot used in 
eadb. case being of similar construction. 

It has been shown that the length of the turn should 
be increased in proportion to the square root of the cal- 
ibre, so that the rule for finding the proper turn may 
be expressed at length in words, as follows: divide 
the larger diameter by the smaller, extract the square 
root of the quotient, and multiply the quantity thus 
obtained by the length of the turn. 

In order, therefore, to find the length of turn required 
for a gun with a calibre 4*2 inches in diameter, which is 
to be used for firing a similar shot or shell as another 
with a bore 1*2 inches in diameter, for which the proper 
length of turn has already been ascertained to be 64 
inches, divide 4*2 by 1*2. The quotient is 3'5, the square 
root of which — 1*87 — ^multiplied by 64, gives the length 
of the turn llO'T inches, or ten feet within a fi'action. 
The proper turn for guns of any other calibre may be 
found in a similar manner. 

The following is a scale of the diflferent lengths of the 
turn required for guns of different calibres, according to 
the above method, taking the Enfield rifle as a standard, 
and supposing leaden shot of a form similar to those 
used with that rifle to be employed : 
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Diameter of 


Length of tarn fSor 


Guns. 


Bore. 


Leaden Shot 


6 pounder 


inches. 


ft. in. 


9 " 


8-66 


16 4 


12 " 


4-2 


ir 8 


18 " 


4-62 


18 8 


24 " 


6-29 


19 8 


82 " 


6-82 


20 6 


42 " 


6-41 


21 6 


56 " 


6-97 


22 6 


68 " 


r-65 


28 6 


8 inch 


8-12 


24 4 


10 " 


8- 


24 8 


12 " 


10. 


27 


18 '* 


12- 


29 6 




13- 


80 6 



I am desirous of correcting an error which, in com- 
mon with all who have written on the subject, I formerly 
entertained ; namely, that the density of the projectile 
will influence the turn of the rifling. 

When a shot is of the same size as, but of greater 
density than another, it is erroneously said that the re- 
sistance of the air upon it is less^ whereas — from the 
higher mean velocity of its flight — ^it has to encounter a 
greater resistance from the air; in fact, when the initial 
velocity of their projection is the same, the resistance 
of the air is relatweVy the same on shot which differ in 
density. 

For instance, if two shot of the same size and form, 
but differing in density, were fired with equal velocities, 
rotary as well as progressive, the resistance of the air, 
it is true, would not be relatively the same — that is, in 
proportion to their densities — on each shot at the mo- 
ment of projection, but the higher mean velocity which 
the denser shot would acquire would give rise to a pro- 
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portional increase in the quantity of resistance which 
^ would render the employment of a greater turn neces- 
sary, were it not that the greater density causes a pro- 
portional rotary impetus to be maintained ; so that the 
same turn will be sufficient to allow the denser shot to 
maintain the necessary degree of stability throughout 
its more prolonged flight. 

Increased density, in fact, although of great importance 
in giving to projectiles greater range, force of impact, 
and accuracy at a given distance, does not aflfect the 
turn in the manner usually supposed ; for the turn re- 
quired for shot of greater density than others must be 
such as will give them an equal stability or steadiness 
of flight at the greater distances to which with equal 
elevations they will range. Hence, when shot have 
their forms, length, and general conditions alike, the 
vis vwa of rotation should always be in proportion to 
that of translation. To diminish the turn, therefore, as 
usually advocated for shot of a greater density than 
others, is manifestly incorrect. 

A proof of the general correctness of these views is 
afforded by the fact that, although their weights, as 
compared with their diameters, are greatly increased, a 
much greater turn or rotary velocity is required for shot 
of greater, than for others of less, length. 

The diagrams in Plates 1 and 2 are intended to repre- 
sent the different degrees of rotary velocity acquired by 
the shot, and the effect produced in the gun by an in- 
crease in the calibre, accompanied by turns of different 
angles. 

In order, however, to render the diagrams intelligible, 
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it should be remarked that the figures A, B, etc., repre- 
sent portions of barrels of different bores, cut through 
in a longitudinal direction, and then laid open, so that 
instead of a cylindrical, they shall present a flat surface* 
This suggests itself as the easiest method of showing, in 
the most distinct manner, the angle which is formed by 
the inclination of the turn. 

As we may suppose that the proper angle for the 
turn has already been discovered and applied in various 
instances — as, for example, in the case of bullets upon 
Mr. Whitworth's principle, which require (with a 
calibre of 45 inches) a turn 20 inches in length ; Colo- 
nel Jacob's, which requires a turn of 3 feet ; and that 
of the Enfield musket, which has a whole turn in 6 feet 
6 inches only — ^we may infer that each has its most 
suitable angular velocity imparted to it, since it is only 
reasonable to believe that each has been amply tested by 
expeirment. Under this impression, therefore, we may 
fairly assume that the turn for bullets of the diameter of 
those just mentioned will, for practical purposes, vary 
between those of Mr. Whitworth, as the maanmum turn, 
and those of the Enfield musket as the mmimum. As in 
these diagrams it. is necessary for the purpose of illus- 
tration to have a standard, I Kave taken the angle (or 
nearly so) of the turn for Mr. Whitwojth's bullet, or 
the maxiimmi turn, as most suitable for the object in 
view. 

Of these diagrams, then, figure A, in Plate 1, repre- 
sents the angle formed with the axis of the bore by a 
turn of 2 feet, in a barrel of a half-inch bore ; figure B, 
the angle formed by a turn of the same length, in a 
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barrel of twice the diameter ; and figures C and D, angles 
formed by turns of a similar length, in guns increasing 
in the same ratio. Of this diagram it need only be 
remarked, that . shot fired from guns varying in their 
bores, in the relative proportion which is here shown, 
will all a(M]iiire the same angular velocity — ^supposing 
the velocity of projection to be the same in each in* 
stance. 

In Plate 2, diagram No. 2, figure A represents a bar- 
rel of the. same bore, with a turn of the same length as 
that of figure A in No. 1. Figures B, C, D represent 
portions of barrels of similar size to those denoted by 
the corresponding letters in No, 1 ; only here, the angles 
formed by the turn are the same in each figure. In this 
case, the angle of the turn being the same in each 
instance, it will be seen that the angular velocity will 
be diminished inversely as the diameter of the shot is 
increased. 

In Plate 2, diagram No. 3, the figures A, B, C, D 
represent portions of barrels corresponding in size with 
thofie denoted by the same letters in the two former 
diagrams. Here figure A shows an angle of the same 
magnitude as in the former cases ; but figures B, C, D 
show the magnitude of the angle when the length of 
the turn increases as the square root of the calibre. 

In diagram No. 4 are gdiown the different angles 
formed by the turns adopted for several kinds of shot 
of various sizes — A, Mr. Whitworth's; B, Colonel 
Jacob's; C, the Enfield musket; D, Mr. Armstrong's 
2-inch gun ; and E, Mr. Whitworth's rifled 4-inch gun. 
The dotted line represents the turn employed for a 4*2» 
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incli gun rifled at Woolwicli (after the author^s design), 
for experimental purposes. 

In the diagpms 1, 2, and 3, the figure E is intended 
to represent the relative angular velocity which would 
be acquired by rifled projectiles, of different sizes, sup- 
posing them to be fired from guns with turns which 
vary in the proportion of those shown in figures A, B, 
C, and D, in each diagram. 

To explain this figure, a line, a^ 5, c, d^ is drawn through 
the common centre of all the circles, and intersected at 
c by another line drawn at any angle, as a, c, e. 

In figure E, No. 1, the angular velocity produced by 
the different turns being in each case the same, the 
largest shot (the velocity of projection being the same 
m each case) will describe the arc a, 6, in the same space 
of time as that in which the smallest vdll describe the 
similar arc S,/. 

The angular velocity given by the different turns 
shown in No, 2 being diminished in a proportion as 
the diameter of the shot, the largest shot will describe 
the arc a^ g^ in the same time as the smallest will describe 
the arc 5,/. . • 

In No. 3, where the angular velocity of the different 
sized shot varies as the square root of their diameters, 
the largest shot describes the arc «, ^, in the same space 
of time as the smallest describes the arc i,/. In this 
case it will be seen that although the inclination of the 
turn is considerably increased, the angular velocity of 
the shot is diminished. 

In figure E, in each diagram, the relative angular ve- 
locity of four shots of different sizes is given ; but it ap- 
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peaxs needless to institute a comparison between more 
than two, inasmuch as these are sufficient to illustrate 
the relative angular velocity of each shot. 

Though a large gun rifled with a much smaller turn 
than would be given by the method I have described, 
may project a shot with the same accuracy that would 
be attained with a gun of smaller calibre, at equal dis- 
tances, yet this is by no means a proof that such a turn 
is sufficient to give the larger shot the proper degree of 
rotary velocity throughout its flight, when the elevation 
is increased. A large gun should throw its shot with 
the same precision as the Enfield rifle (or any other 
which may be taken as a standard), not at the same 
distance only, but at the ranges which would be ac- 
quired by the same elevation of the gun in each case ; 
that is to say, a gun with a bore 4*2 inches in diameter 
(or 9-poimder) should throw an elongated shot — ^the 
weight of the shot and the charge of powder being pro- 
portionate to that used with the Enfield musket — ^to a 
distance of about 2,000 yards, with the same accuracy 
as that which is attained by the latter at 900 yards, the 
degree of elevation at which these respective changes 
should be acquired being nearly the same for each 
weapon. Until this or an approximate result be ob- 
tained, the proper method for rifling cannon cannot be 
considered to be established. 

In a small work of this kind it is impossible to enter 
into a complete investigation of a subject which involves 
so many considerations ; all I have attempted is to give 
a general outline of the method which appears to me to 
be the correct one of applying the principle of the rifle 
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to cannon^ and I will conclude my remarks upon it by 
briefly summing up the principal points wbich I consider 
worthy of attention. 

First, then, as a general rule, we find that the length 
of the turn of the rifling in guns of different sizes should 
be in the ratio of the square roots of the diameters of 
the bores of the guns ; as the rotary motion will then 
always bear the same proportion to the progressive mo- 
tion ^id to the resistances with shot of all sizes ; thus 
securing the same relative degree of stability to each 
shot, and relatively the same expenditure of force only 
in giving the rotary motion to each. 

In the second place, we find that the turn wiU, ac- 
cordingly, be greater in proportion to the size of the 
gun as the diameter of the bore increases, thereby caus- 
ing it to have an increased angle in large guns, in a ratio 
about at the square roots of their calibres ;* but as the 
shot on large guns, fired with relatively the same charges 
of powder, is a longer time, and has to pass through 
a greater distance in acquiring its velocity, the compar- 
ative stridn up<m the gun is no greater on this account. 

Thirdly: that, the forin of the projectile having, 
next to the length, the chief influence on the turn, that 
form is {deferable which will require the least turn ; it 

* Let a be the angle that the grooves of the rifle make with the axis of 
the gon, and I the length of the turn, d the diameter of the ))ore ; then 

* ^d _ 

tan', a =: —r^ But the rule here explained and proved gives I oc V d, 

whence tan. a oc V d) and since the angle of the grooves is generally 
muill^ a cc j^ d^ nearly. 

For this, and the formula given in page 58, as well as for many valuable 
suggestions, I am indebted to my friend Mr. T. B. Sprague, Fellow of St 
John^s G#eg^ Oambridge. 
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being^important to avoid, aa mucli as possible, increas- 
ing the angle, in proportion as the size of the gun* is 
increased. 

Lastly, it may be remarked of projectiles of a given 
length, that those which require the least turn are, first, 
those of the most perfect concentricity^ and the flur&ces- 
of which offer the least resistance to the air, thereby 
suffering the least impediment in their rotary motion; 
secondly, those which have their centre of gravity in 
their fore part, as thdr stability is greater, and conse« 
quently they require less turn to keep the axis about 
which they rotate, steady ; thirdly, those of whi<5h the 
form approaches more nearly to a cylinder, as in them 
the accumulated work (due to the rotation) is greats 
than in any other form of shot of the same diameter 
and length, and they consequently require a less turn 
than is the case when they are made in the form of a 
lengthened cone. The less prominent the foregoing 
conditions appear in shot, the greater will be the turn 
required, although some of them have a greater influ^ 
ence upon the turn than others. 

It only remains fojr me to suggest a simple c<rarse 
of experiments, by which the principle I have already 
enunciated may be tested and established; and I may 
add, by the way, that such experiments as I would pro- 
pose, in order to ascertain the proper angular 'Velocity 
which.should be given to shot, would be rendered, by a 
fixed system of conducting them, much less complicated 
and expensive than any vague series which might be un- 
dertaken without refei^ence to facts dwived firom soien-. 
tific conclusions, and in the vain-endeavor^ by an endless^ 
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and tmcertain process, to arrive at any satisfactory or 
conclusive results. 

It must, indeed, be obvious to all who have a practi- 
cal knowledge of this subject, that such experiments as 
these would be interminable, and that they would in- 
volve an endless expenditure, both of time and money, 
before any satisfactory data could be obtained, supposing 
it possible that such could ever be thus acquired. 

In reference, moreover, to the experiments which I 
am about to propose, I would remark, that they may be 
made with any kind of shot similar in form and weight. 
It would be of little consequence whether the shot were 
of solid iron, or a compound of iron and lead ; for it 
must be remembered that these experiments would be 
solely for ascertaining the exact ratio according to which 
the length of turn, as dependent upon the size of the 
shot, should . be increased or diminished ; which ratio 
will of course be always the same, of whatever mate- 
rial the shot may be formed. 

I will now proceed briefly to notice the manner in 
which the experiments should be conducted. 

For this purpose, then, I would propose to have a 
certain number of guns — say seven 12-pounder brass 
howitzers, bored each with a 2-inch bore, and rifled with 
grooves of the same form, but different turns. For 
these seven guns, the greatest turn should be 3, and the 
least, 16 feet in length ; whilst the intermediate turns 
will be, respectively, 4, 6', 8, 10, and 12 feet. I give 
these different lengths advisedly, as they comprehend 
all the different degrees to which the turns used for 
small arms could be reasonably reduced, supposing such 
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to have their bores increased to the above-motioned 
2-inch diameter. 

Upon a general view of the question, it will, 1 think, 
be found that the most effective length of turn for any 
kind of shot, of this diameter, which can be available 
for practical purposes, will be somewhere between these 
two points (viz., the 3 and the 16-feet), provided the 
shot does not exceed three of its diameters in length. 
If, however, the shot selected for such experiments be 
of iron \i. ^., unexpanding), or more than two of its 
diameters in length, in that case the length of the differ- 
ent turns used for the above guns might be, respectively, 
3, 4, 6, 6, 7, 8, and 9 feet. 

Supposing, then, that the guns are bored and rifled 
according to the plan which I have suggested, I should 
deem it advisable that each should be fired with the 
same charge and elevation, and that this charge should 
be the greatest that would ever be practically used; 
also, that the elevation should be the highest which 
would be used in practice with such a charge. 

I would give this elevation (say about 15 degrees), 
because it is proved that the length of turn which is 
suited to a shot fired with such an elevation, will be 
found to be amply sufficient for it when fired with any 
lower elevation, but not vice versd. For it has been 
shown, by numerous experiments, that a given velocity 
of rotation may keep a bullet true for a certain distance, 
but that by elevating the gun, and thus increasing the 
ra/nge, a greater turn will be rendered necessary, and 
that the longer the shot, the more appreciable this fact 
will be. 
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: Having in this manner ascertained wbat is tlie least, 
and therefore the best, turn which could be used for 
the shot, the next step wiU be to endeavor to arrive at 
the exact ratio of decrease in the angular velocity or in* 
dination of turn which should be assigned to shot of 
similar form upon any increase of their sise. 

For settling this question, three, or at least two, guns 
would be necessary, and these might be .24-pounder 
howitzers, with bores 4 inches in diameter, or twice the 
size of those employed for the jSrst portion of the ex- 
periment. 

In rifling these guns, the same kind of ^ooves should 
be used as those employed in the first instance, but the 
turns given to them should be in the following propor- 
tions — ^there being, in fact, none other for which any 
reasonable grounds can be assigned. 

The first gun should have a turn of the same length 
as that which has been decided, by the test of the last 
experiment, to be the best, provided it be not (for me- 
chanical reasons) too great to use with the larger gun; 
and as it will be necessary to take dome standard -as an 
example, let us assume, for the «ake of illustration, that 
one whole turn in 6 feet has been ascertained by the 
first part of the experiment to be the best. 

Then the second gun (in reference to our assumed 
standard) should have a turn of 12 feet, or in a propor- 
tion commensurate with the increase of the diameter of 
the shot. 

The third should have a turn of 8 feet 6 inches ; that 
is to say, in a ratio as the square root of the increased 
diameter. These (two or three) guns should each be 
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fired with the same elevations and proportionate charges 
of powder as those used with the seven smaller ones al- 
ready mentioned. 

, By this simple course of experiments, the correct ra* 
tio, according to which the turn for guns of various sizes 
should be regulated, wUl be easily ascertained, and I am 
folly convinced that such experiments will firmly estab- 
lish the truth of the principles which I have laid down. 

In such experiments, however, as those to which I 
have just referred, although the difference between. the 
turns of the three larger guns may not be apparently 
very great, yet the case will be vastly altered when the 
bores differ from each other more considerably in their 
diameters. Hence, therefore, in order to render the trial 
as satisfactory as possible, the difference between the 
bores of the guns used for the experiments should be 
made as great as they conveniently can be. The guns 
used by me in .these experiments, although of smaller 
dimensions, differed more in the sizes of their bores than 
those just mentioned. 

If^ however, it be not convenient to make use of guns 
of a large size, it will be requisite that the correct turn 
should be ascertained in the first instance with a much 
greater degree of exactness. Thus, if 6 feet is found to 
be better. than 4 or 8, still this does not determine posi- 
tively that 6 feet is absolutely the best length for the 
turn, but only that it will be somewhere between 4 and 
8 feet, so that it will be advisable to try an intermedi- 
ate turn, such, for instance, as 6 or 7 feet, and so on, un- 
til the most correct turn may be as nearly as possible 
a0certained. 
4 
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From this it will at once be seen, that if the carrying 
out of a single course of experiments relating only 
to. one particular point, even when conducted upon 
a fixed system as simple as it can be made, may, 
when great exactness is required, necessitate the making 
a subordinate series of experiments ; how infinitely com- 
plicated the matter will become when experiments are 
made, not only without reference to the settlement of 
any distinct point, but with the ill-advised intention of 
attempting to overcome every difficulty at once ; and 
from this also some idea may be formed as to the incal- 
culable loss, both of time and money, which would ne- 
cessarily result in endeavoring to carry out experiments 
based upon no scientific grounds, conducted upon one 
fixed principle, and therefore liable utterly to fail in 
accomplishing the object which they have in view. 

Since I have insisted so much upon the necessity of all 
experiments being conducted upon some fixed system, 
founded upon scientific, as well as practical data, I would 
now briefly state the grounds for my advocating that par- 
ticular system which I have myself found by personal 
experience to produce the most satisfactory practical 
results. 

It will be found that the length of turn to be given to 
the grooves will depend upon three points, viz : 

. First, the description of shot On this account, there- 
fore, any set of experiments undertaken for the purpose 
of ascertaining certain points connected with the turn of 
the grooves, must be made with the same hmd of pro- 



Secondly, it wiU change with every variation m their 
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stee. Hence, in making the necessary experiments for 
ascertaining the turn required under these circumstances, 
the various conflicting arguments, in favor of the differ- 
ent ratios of variation in the angular velocity or turn re- 
quired for the shot, should be taken into consideration 
and those for which any plausible reason can be assigned 
should be tried by a method similar to that which 1 
have proposed. 

Thirdly, it wUl differ with every differ&nt devotion of 
the gun. For this reason, as the turn tequired for great 
elevations is greater than that for smallj in experiments 
for ascertaining the proper degree of. turn, the gun should 
always be fired with the greatest elevation which would 
be used in practice. 

It must also be noticed that the vdodiy of projection 
is to be considered ; for when that velocity is greatly 
increased, it wUl not be safe to use the same degree of 
turn as may be employed with a lower velocity, as the 
shot will be liable to strip, or the gun to burst under 
these circumstancea 

Therefore, in making experiments, the highest veloci- 
ties which would be practically used, should be also em- 
ployed in such experiments. 

With regard, then, to the experiments which I have 
thus suggested, I would merely add that, whatever be 
the precise ratio of angular velocity to be given to shot, 
these experiments are best suited for its discovery ; and 
when, the proper ratio for the turn of the grooves is once 
ascertained, any further experiments which may be made 
need only be carried on for the purpose of testing what 
are the best mechanical appliances for improvements in 



76 rtnrLirBKOE of the oalibbs ok the titbk. 

the projectile, and in the form of groove, in order to re- 
duce the friction as mnch as possible. 

In conclusion, I would add, that as all matters con- 
nected with this subject may in reality be said to resolve 
themselves into a question oi friction^ and as the quan- 
tity of friction will depend chiefly upon the degree of 
turn, so that system for rifling ordnance will be the best 
which, whatever be the mechanical means used for giving 
the shot its rotary motion, will lead to the employment 
of such a turn only as will produce the least possible 
quantity of fricticm, and at the same time secure the 
greatest possible amount of practical efficiency. 

It is to be remarked, that besides the friction^ prop- 
erly so called, of the shot against the grooves, there is 
that which arises from the resistance of the grooves, 
whereby the motion of the shot is altered from a simple 
forward motion to a rotary one. This increases rapidly 
as the turn of the rifle is increased, and all that has been 
said above as to the friction of the grooves, is applica- 
ble also to this action. 

Reviewing the preceding observations, it appears im- 
possible to apply any strictly accurate rules for the regu- 
lation of the length of the turn for guns of different 
calibres. As long as the problem of a shot's trajectory 
remains unsolved, no perfectly correct mathematical 
formula for the length of turn can be found ; and even if 
we had such, it would be of small service, unless each gun 
were fited invariably with a fixed elevation; an extreme- 
ly nice calculation would give a difference in the length 
for every elevation of the gun. Practically, therefor^, we 
can only apply a rule based upon a general principle. . 
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As w^ find that shot are affected by the resistance 
of the air in a ratio as the square root of their diameters 
nearly, and that their quantities of motion are relatively 
the same when the turn of the rifling is in the same 
ratio^ we: may consider that the ratio which has been 
assigned for the length of the turn for different guns is 
the best, as being the only one which is suited to meet 
all contingencies.* 

As there have been one or two claimants to its forma- 
tion, I am induced to state that this theory of giving 
relatively the same quantity of rotary motion to shot 
of different sizes, that is, proportional to their diame- 
ters, and to the relative amount of the disturbing and 
retarding influence of the air upon them, was first put 
forward by myself, and that no publication has as yet 
come under my notice which shows that this or a similar 
theory was ever previously put forward by any other 
person. 

In 1854, wishing to have a large gun rifled, I endeav- 
ored in vain to obtain any information which might 
serve as a guide for this purpose — ^the rifling of all ex- 

* The trath of this law has been exemplified in a remarkable manner. 
When Mr. Whitworth first attempted to apply his method of rifling a can- 
non, he employed a constant and very rapid turn for all guns. Previously, 
however, to the experiments which took place at Southport in 1860 with 
his new guns, and which were brought so prominently before the public by 
the Times newspaper, the attempts of that gentleman to apply his method 
to cannon had quite failed. 

On the occasion I have alluded to, the greatest results were obtained 
with a gun having a TS-inch, and another having a 3 -inch bore; the 
leogths of the turn of the rifling being for the former 40 inches, for the 
latter 60 inches. 

2f ow, whether this was by accident or design, the turn used with each 
of these guns is very nearly what would have been assigned to them by the 
law I have put forward, taking 2 feet as a standard for a bore *5 in. in 
diameter, or that of Mr. Whitworth^s musket. 
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perimental cannon having been, apparently, regulated 
by caprice alone — ^no theory of any kind being in 
existence. This circumstance led me to make experi- 
ments on the subject, which resulted in my adopting 
the above theory as the most correct, as well as the 
most suitable for practical purposes. 
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ON THE PROJECTILE. 

AssuiCNa that the principles laid down in the pre- 
ceding pages are correct, it remains to determine the 
conditions to be observed in the construction of the 
projectile. It vnfll be evident to all who have given 
their attention to the subject, that, to render an elongar 
ted projectile as efficient as possible, the following con- 
ditions are indispensable : 

1. For solid shot, hardness and density; for shells, 
capacity for containing great bursting charges. 

2. The projectile should be of a form productive 
of the least amount of friction in paasmg out, and offer- 
ing as little resistance to the air as possible when it 
has paeaed out of the gun. 

8. Its centre of gravity should be thrown forward 
before its centre of figure, in order to give it greater 
stability, and less inclination to turn over, and also 
to insure that the axis about which the shot rotates 
should always be a tangent, or nearly so, to its line of 
flight. The forward position of the centre of gravity 
will also allow of the use of a less turn in the rifling, 
which is an important object in guns of large calibre. 
There are also other reasons why the centre of gravity 
should be in the fore part of the projectile, which wiU 
be noticed hereafter. 
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For rifled projectiles of less than one and a half, or 
two diameters in length, the above condition is of no 
importance except in the case of shells used for vertical 
fire. 

There is a circumstance attending the flight of all 
shot, when fired fix>m rifled guns, which requires more 
particularly to be noticed where elongated projectiles 
are used: viz., when the centre of gravity in the shot is 
at, or behind, the centre of figure, the axis very soon 
ceases to coincide with the tangent to the trajectory ; 
this not only impairs the range and accuracy of the 
shot's flight, but, when percussion shells are used, pre- 
vents them, when fired at great elevations, from falling 
point foremost upon the object aimed at. 

Robins notices this in his remarks upon the rifle, 
where he says, " that though the bullet impelled from 
them (rifles) keeps for a time to the regular track with 
sufficient nicety, yet, if its flight be so far extended that 
its track is much incurvated, it will.;then often undergo 
considerable deflections. This, according to my ex* 
periments, arises from the angle at last .made by the 
axis upon which the bullet turns, and the direction in 
which it flies; for that aids continuing nearly parallel 
to itself, it must necessarily diverge from the line of 
flight of the bullet, when that line is bejat from its 
original direction ; and when it once happens that the 
bullet whirls on an axis which no longer coincides with 
the line of its flight, then the unequal resistance de^ 
scribed in the former papeys will take place, and the 
deflecting power hence arising will perpetually .increajse 
as the track of the bullet, by having its range extended, 
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becomes more and more incurvated." (See a, Pig. 5, 
Frontispiece.) 

Robins proposed a remedy for this in his egg-shaped 
bullet ; but from the remarks of the author of Sclop- 
petariaj it appears that it met with indifferent success, 
and that (owing, no doubt, to the difficulty of preserving 
the coincidence of the axis of the bullet, and that of the 
barrel of the gun) its flight varied very much. The 
same writer observes that this bullet, unlike others, 
always flew to windward. In the Enfield bullet, which 
possesses the advantages, without the defects of the egg- 
shaped bullet, the centre of gravity is thrown slightly 
forward, but hardly sufficient to give proper effect to 
shot when fired at great elevations.* 

Some writers have contended that, whatever may be 
the position of the centre of gravity of an elongated 
shot fired from a rifle, its axis will always be a tangent 
to the line of flight ; but this opinion is clearly errone- 
oua If the shot were projected in a vacuum, its axis 
would always be parallel to itself, notwithstanding the 
rotation of the shot about its axis. The resistance of 
the air has more effect on the light end of the shot than 
on the heavier end, and therefore will tend, when the 
centre of gravity is in the hinder part of the shot, to 
raise the point instead of to depress it ; besides the re- 
sistance of the air, there is no cause that will operate to 
alter the position of the axis of the shot, and prevent 
its remaining parallel to itself, throughout the whole of 
its flight. 

After a shot leaves the gun, the action of the air 

* Appendix A. 
6 
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effects it in a three-fold manner : in tlie first place, it 
offers a resistance against the fore end, caused by its 
flight in a forward direction, this being in proportion to 
the surface of the transverse section of the shot, and as 
the square of the velocity of its flight, nearly ; secondly, 
there is a pressure upon the longitudinal surface of the 
shot ; and, thirdly, it exerts a pressure upon its under 
surface, produced by the falling movement caused by 
gravitation, which is exactly the same as it would be 
subject to on falling to the ground under any other cir- 
cumstances — ^as, for instance, from rest. 

The result of these different forces is an oblique press- 
ure upon the fore and under part, and is attended by a 
diminished pressure upon the upper portion of the shot's 
surface, (See Figs. 1 and 2, Frontispiece.) The direc- 
tion of the pressure upon the under surface of the shot 
varies with the inclination of the longer axis to the ver- 
tical, and it is only when the shot rises or falls vertically 
that this pressure is solely upon the extreme end of the 
shot. 

This oblique pressure tends greatly to increase the de- 
flection of long projectiles, and its effects can only be 
reduced to a minimum by forcing the fore end of the 
shot continually in the direction of the pressure, so that 
the smallest possible surface of the shot is opposed to it. 
(See Figs. 3 and 4, Frontispiece.) 

The best mode of effecting this is by diminishing the 
weight of the hinder part of the projectile, so as to allow 
of its having more length behind its centre of gravity. 
The pressure of the air, consequent upon the falling 
movement, wiU thus be greater upon that part of the 
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shot behind the centre of gravity than upon its fore 
part, and so the former will be gradually retarded in its 
descent, and continually keep the longer axis of the shot 
coincident with the tangent of its line of flight. 

It is a remarkable circumstance, that rifled projectiles, 
even those of the most perfect construction, are almost 
invariably deflected in the direction of the turn of the 
grooves ; that is to say, with a right-handed turn, where 
the upper part of the shot turns from left to right, the 
deflection will be to the right, and vice versd. The 
interesting experiments made by Professor Magnus, of 
Berlin, 'relative to the cause of the deflection of projec- 
tiles (Nwval Gunnery^ by Sir H. Douglas, p. 64), are 
the most remarkable of any that have been made on 
this subject. A fall description of them (which would 
be too long to insert here), may be seen in Taylor's 
Scientific MemairSj for May, 1853. These experiments 
were made with bodies in the form of projectiles placed 
in movable frames, and the results were obtained by 
means of a current of air directed against them. 

Professor Magnus's explanation may be described brief- 
ly, as follows : It is well known that when a body, such 
as a solid of revolution, is rotating rapidly, any force 
which acts upon it in a direction passing through the 
axis, but not through the centre of gravity, will not 
have the effect of moving the axis in that direction, as 
it would do were the body at rest, but will cause the 
body to move to one side, so that if the centre of gravi- 
ty is fixed, the axis will describe a cone about the 
direction of the force. This may be seen in the motion 
of a common top, spinning with its axis in an oblique 
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direction. When a force is applied to the top in thiij 
position, as, for example, if a current of air is directed 
against it, vertically downwards, the effect will be to 
depress the axis very slightly, but to increase the veloci- 
ty with which a top^ spinning in such a position, will 
move laterally. It appeared fipom Professor Magnus's 
experiments^ that in a bullet of the ordinary form, the 
pressure of the air on the fore part has a tendency to 
raise the apex of the shot ; but this pressure, agreeably 
to what is stated above, will not have the same effect 
when the shot is rotating rapidly ; but supposing the 
rotation to be from left to right, will cause the ^pex of 
the shot to move very slowly towards the right, and 
consequently produce a deflection of the shot in that 
direction ; since the air pressing the centre of gravity 
towards the same side wiU cause the whole body of the 
prcg,ectile to deflect from the plane of the trajectory. 
If the time of flight were sufficiently long, the apex of 
the shot would describe a complete cone about the 
direction of flight ; but in general the time of flight is so 
small, that the apex only proceeds to move to the right. 

The experiments of Professor Magnus are, however, 
imperfect, as regards the whole subject of deflection ; for 
he has not examined what effect the position of the 
centre of gravity being very forward in the shot would 
have on its deflection, nor did he experiment with 
bodies having projections on their hinder parts, such as 
exist in all rifle projectiles. These experiments, there- 
fore, ingenious as they are, do not exhaust the whole 
subject, and leave much to be done by future investi- 
gators. 
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The theory entertained by many, that the deflection 
of the projectile, or derwaidofij as it is called by the 
French, is to be especially attributed to the greater 
pressure of the air upon the under surface of the shot, is 
not borne out by the results witnessed in practice;* for 
if this were the sole, or even the chie:!^ cause of the de- 
viation of long shot, the greater their comparative 
rapidity of rotation, or the quicker the turn of the 
grooves, the greater would be the deflection ; whereas, 
we find by increasing the rotary velocity of the shot 
without increasing its translator^ velocity — ^that is to 
say, by increasing the Ui/m only — ^a contrary effect is 
produced 

The theory of Professor Magnus perfectly agrees with 
the results obtained in practice, as the movement to 
which he ascribes the deflection of long shot, takes place 
more slowly when the velocity of rotation is higher, so 
that the deflection arising from it will be less. 

When a very high velocity of translation is given to 
long projectiles, we find in practice that the deflection 
is much increased. This also is agreeable to the theory 
of Professor Magnus, inasmuch as the velocity of rota- 
tion increases only in proportion to the velocity of 
translation, whilst the resistance of the air increases in 
the ratio of the square of the velocity, and therefore the 
rotary movement he describes would, in this case, be 
made with greater comparative velocity, and the deflec- 
tion of the shot, in passing over a given space, would 
consequently be greater, 

* Appendix B« 
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In tlie Frontispiece I have given representations of 
the positions of several shot as they would appear 
during their flight. Fig. 1 represents the positions, at 
the several points of its flight, of a shot having its centre 
of gravity at or behind its centre of figure. Fig. 2 shows 
the same shot fired at a greater angle of elevation ; the 
effect becoming more remarkable as the elevation is 
increased. The pr^psure of the air being so much 
greater upon the shot, when the centre of gravity is 
not sufficiently forward to keep its axis nearly coinci- 
dent with its trajectoiy, will cause the flight of long 
shot to deviate from the plane of the trajectory, as well 
as to suffer considerable reduction. Figs. 3 and 4 repre- 
sent the positions in its flight of a shot having its centre 
of gravity sufficiently forward to enable it to keep the 
longer axis coincident with the line of flight throughout 
its extreme range. This is a much more important con- 
sideration where percussion shells are to be employed 
at great elevations, than with small arms or guns which 
are used for horizontal firing only. 

Fig. 7 shows a sKot moving in its trajectory. If we 
suppose the centre of gravity to be at the centre of figure 
(a)y the shot would continue to rotate about an axis 
parallel to itself, since there would be nothing to cause 
an alteration in its position ; but if the centre of gravity 
were situated at some point (S) before the centre of 
figure, this would continually tend to bring the fore 
part of the shot down, and thus to preserve the coinci- 
dence between the axis of the shot and the tangent of 
the curve of its flight. The centre of gravity should be 
just forward enough to keep the axis a tangent to the 
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trajectory. To have it so far forward as to bring the 
fore part of the shot below the tangent, would cause an 
unsteady flight, and a diminished range ; a simUar effect, 
indeed, to that which would be produced by over- 
weighting the head of an arrow. 

The action of the wind across their path is a fiirther 
cause of the deflection of shot. Long shot suffer more 
from this cause than round shot — the lateral surface of 
the former being greater — ^particularly when the centres 
of gravity and of figure are not coincident, as the wind, 
m blowing directly across the path of the shot, will 
then have a twisting effect upon it* Proper allowance 
must be made for this deflection in the aim. 

Nearly all elongated shot are made with their fore 
ends more or less pointed. This appears contrary to the 
received notions of the effect of the resistance of the air, 
and is to be regarded rather in the light of a vulgar error. 
• It was proved by experiments made with the whirling 
machine, constructed by Dr. Hutton, that the sharp 
ends of solids, of equal diameter, suffered somewhat 
more resistance than their hemispherical ends ; and if 
the ends were flat, they encountered more than double 
the resistance. The resistance on the base of the hemis- 
phere to that on .the convex side being nearly as 2*4 to 
1, whilst the resistance on the base of the cone is to 
that on the vertex nearly as 2*3 to 1. (Hutton, Tract 
86, Moperiments with the Whvrlmig Machine^ 

^ It is not improbable that this circumstance gave rise to Colonel Bean- 
foy's statement that Robins's egg-shaped bullet flew to windward. If this 
were so, it would go far to prove that a shot, having its centre of gravity 
in a forward position, would also remain a tangent, or nearly bo, to its 
curve of flight ; since similar causes produce like effects. 
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Now the retarding effect of the air upon a shot de- 
pends more upon the weight or density of the shot than 
upon its foTUiy its diameter remaining the same; if 
therefore, the resistance offered by the hemisphere is 
very nearly the same as, or (which is doubtful) even 
somewhat more than, that offered by the form called 
the curve of least resistance, the superior weight of 
the hemispherical end, in shot of equal length, would 
cause the retarding force of the air to have less effect 
upon it, and also place the centre of gravity more for 
ward. 

The construction of the fore end of a long projectUe, 
provided it be smooth and convex, is of little moment 
compared with that of the part which lies behind its 
centre of gravity; for on the latter most depends its 
stability, and the steadiness of its flight ; for instance, a 
shot which tapers from the front to the hind part, will 
usually have an unsteady flight. I may here remark, 
that the sabot sometimes used with this and other 
forms of shot is objectionable in practice, as it cannot 
be sufficiently depended on for always giving the same 
results. 

When the hinder part only of a long projectile is of 
somewhat reduced diameter, its flight is improved by it. 
In February, 1858, 1 fired some 32-lb. shells constructed 
upon this principle — ^the first time, I believe, it was ever 
tried with cannon — and obtained a very remarkable 
range. Since then Mr. Whitworth, also, has reduced the 
diameter of his projectiles at the rear end, and has like- 
wise obtained a great range with them. 

The track described by elongated projectiles approxi- 
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mates more nearly than that of spherical shot to the 
curve of a parabola. This is accounted for by the weight 
of the former class of projectiles being so much greater, as 
compared with the resistance of the air upon them, than 
is the case with spherical shot ; so that the resistance of 
the air does not reduce their velocity so rapidly.* For 
this reason, the heavier the description of shell, the 
higher is the elevation at which an increase in its range 
can be obtained, and the smaller the angle of its descent. 
When we consider the difference, not only in the curves 
described in their flight by round shot of equal sizes, 
but also the variety of curves described by shot and 
shell of different sizes when fired with different veloci- 
ties (a circumstance which considerably affects the pre- 
cision of the fire), the value of these facts will be ap- 
preciated. 

The lateral deviation also of elongated iron shells, 
when these projectiles are fired with a velocity no 
greater than that with which shells are ordinarily pro- 
jected from mortars, will be found both smaller and 
more uniform than that of round shells; the elongated 
shells acquiring a rotary movement about an axis 
situated always in the same direction, the effect pro- 
duced by the act of rotation on their flight is likely to 
show less variation than in the case of round shells, 
which acquire variable rotary movements about an 
accidental axis. The elongated, therefore, would prove 
superior in every respect to the spherical shell for ver- 
tical fire. 

* Figs. 5 and 6, in the Frontispiece, are intended to represent respectiyely 
the flights of a round and an elongated shot 
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A rifled howitzer of large calibre, adapted for firing 
at great elevations, would project a heavy shell with 
great accuracy to a great distance, and might thus be 
advantageously substituted, in many instances, for the 
ordinary mortar. 
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ON THE GROOVES AND THE INCREASING 

SPIRAL. 

The point which next claims our attention has ref- 
erence to the description of groove best calculated to 
give the requisite angular velocity to the projectile. 

This will depend, altogether, upon the character of 
the shot employed ; i, e., whether it is made of iron, or of 
a compound of iron and lead. 

In either case the form of the rifling should be such 
as to admit of easy loading, and also to cause the shot 
to pass truly and evenly out of the gun with the 
smallest amount of friction and expenditure of the force 
employed in projecting the shot. Although so much 
attention has been paid to this point, the form of groove 
best adapted for iron projectiles has not yet been satis- 
factorily determined. 

When plain iron projectiles are used with rifled 
cannon, the conditions are altogether different from 
those which exist in rifled small arms, from which 
leaden bullets are fired ; and the question as to the form 
of groove becomes of much greater importance. 

It is customary to look upon the rifling simply as the 
means whereby a shot receives a rotary impulse about 
its longer axis during its passage out of the gun ; but, 
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when plain iron projectiles are used, it ought to do 
more than this — ^it should also effect the objects sought 
to be obtained by the expansion of the metal when 
leaden or compound shot are used : namely, to keep the 
shot straight and true in the bore, and also in a manner 
productive of the least friction. In all the different 
forms of rifling which have hitherto been advocated, 
whether they be angular, as in the case of Mr. Whit- 
worth's gun, circular, as in Colonel Jacob's and others, 
or such as are formed by the oval bore of the Lancaster 
gun, the conditions I, have noticed have either been 
quite neglected or only partially attained. Of these 
forms of bore, however, the Lancaster, although perhaps 
a good form for leaden bullets, must be considered as 
the least suitable for cannon, on account of the irregu- 
larity of its action, being frequently the cause of friction 
so great as to occasion the bursting of the gun. 

In Plate 2, Figs. 1, 2, aud 3, are elevations of the dif- 
ferent shells fired from these guns, and under eacli 
elevation the form which the bore of the gun assumes. 
Fig. 1 is Whitworth's projectile (bore, 4*2 inches) ; Fig* 
2, Jacob's (proposed width of bore, 4*2 inches) ; and 
Fig. 3, Lancaster's (bore, 8 inches). These shells are 
all on the same principle — each shell has projections 
corresponding to the grooves in the gun ; the difference 
is merely in the form of groove, very little' attempt 
being made with either to alleviate the effects produced 
by the necessary vrindage and the sharpness of the 
angle of the turn peculiar to cannon from which iron 
projectiles are fired ; or to reduce the friction employed 
in giving the shot its rotary movement to the smallest 
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amount necessary for that purpose. These, however, 
are most important matters for consideration ; since the 
friction produced by the passing of the iron projectile 
out of the bore is not, as with expanding shot, equally 
distributed over the whole of the interior surface of the 
gun, but takes place at certain points only. 

The hexagonal form of the bore, or angular groove, 
appears to meet with some favor; but although this 
form may be well adapted to small arms with which 
ULQusually long bullets are used, and which, therefore, 
require a great turn, it does not appear to be altogether 
the best form for ordnance used for firing iron pro- 
jectiles. 

The object of the hexagonal form of bore is perfectly 
intelligible^ when the friction^ as with expanding shot, 
is distributed over the whole interior surface of the 
bore, as this form gives the buUet a firm hold of the 
grooves; but with iron shot that is impossible; and 
therefore the angular projections on the shot will not 
be productive of less friction than those of another 
form, and are not otherwise peculiarly effective, as they, 
in common with all other kinds of projections upon iron 
shot, can impinge on the bore at one point only of its 
surface. 

The irregularity of the friction consequent upon the 
windage gives rise to the chief rnschamGal difficulty in 
the way of all attempts at improvement in these mat- 
ters. This difficulty would, however, be considerably 
alleviated, were a better knowledge of the subject to 
guide the employment of the mechanical means brought 
to bear upon it. 
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The form of the grooves for compound shot— the 
friction being distributed over the whole surface of the 
bore— is not a matter of so much moment as with iron 
shot. A sufficient number of experiments have not yet 
been made to establish the superiority of any particular 
form and number of grooves for rifled cannon employed 
for this kind of projectiles. It appears, however, to be 
generally admitted, that the shallower and the fewer 
they are in number, the less is the friction, and I would 
certainly advocate the use of three only, were the angle 
of the turn the same as in an ordinary rifle ; but as this 
is not the case, and as that portion of the shot which 
enters the groove is, in the case of cannon-shot, smaller 
in proportion to its size than with a leaden bullet, I 
think it preferable to use a greater number, proportion- 
al to the size of the bore. 

Armstrong's gun has a great number of grooves, but 
the circumstances under which the shot is fired are im- 
usuaJ, the gun loading at the breach, and the shot, 
which is larger in diameter than the bore, being forced 
through it, so that it is compreaeed instead of being 
eaypcmded. 

A considerable number of experiments will yet have 
to be made upon this subject, as it materially affects 
the range and accuracy of the shot, though more in the 
case of iron than of compound shot. 

I should not have considered it necessary to notice 
the principle of the mcreaamg spiral (which is employed 
chiefly by the Americans), but for several attempts that 
have been made to use it for iron projectiles. Whatever 
advantage or disadvantage attends this mode of rifling 
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with smaU arms would appear to resolve itself entirely 
into a question of the friction of the bullet's passage out 
of the gun, as the bullet must ultimately acquire a ve- 
locity of rotation corresponding to the last turn given 
to it before quitting the piece. , With long iron shot, 
however, the application of the increasing spiral is 
positively injurious. The friction increases at that part 
of the gun where the shot acquires nearly its greatest 
velocity — a part where friction should be most carefully 
avoided, for there it is most likely to 
cause a fracture either of the projectile 
or the gun. K this kind of turn be at- 
tended with any advantage at all, it can 
only be when employed either for the American flat or 
round-ended picket (see wood-cuts), or the ordinary 
spherical bullet. 

With long shot, of any other kind than the above, 
the use of the increasing spiral must be utterly and at 
once condemned. It will not only increase the friction, 
but, as the form of the grooves actually changes, it will 
also render the shot particularly liable to shift its posi- 
tion, to strip, or to break. I consider, therefore, that to 
have the grooves formed of an eqiud spiral conduces not 
only to the avoidance of much friction, but also to the 
attainment of greater precision. 

It appears strange that no one (to my knowledge) 
has observed the impossibility of a perfect cotTicidence 
existing between the sides of a groove cut on the princi- 
ple of the increasing spiral, or gaining twist. If the 
sides be made equidistant, the form of the groove will 
change ; and the change will be still greater if the sides 
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be not equidistant, as they cannot then be parallel to 
each other. 

Grooves cut with a regular spiral may be described 
as straight lines applied to a cylinder; whilst those 
which form an increasing spiral are represented as a/rcs 
of drdes^ or other curves. If two concentric arcs of a 
^ circle be described on the interior surface of a cylinder, 
the distances between points taken at right angles to 
the axis of the cylinder will vary. 

When the grooves are cut with an increasing spiral, 
a little reflection will show that any projection on the 
bullet which fits exactly into the groove at 
the one end cannot do so at the other ; with 
the single exception, when the projections 
/ r^ \ are hemispheres, or other portions of spheres 
(see wood-cut), and the sides of the grooves 
are equidistant throughout (as in Fig. 3, p. 
97) ; when, in fact, the groove forms what is 
called by mathematicians a tvbula/r surface. 
When the projection, supposed of iron, has 
any lengthy it must either fit so loosely at the breech as 
to cause a great windage, or so tightly at the muzzle as 
to strain the gun unduly, and cause it to burst ; as was 
frequently the case with the Lancaster gun, which has 
an increasing spiral. 

The following cuts are intended to represent the de- 
fects of the increasing spiral. 

Figs. 1, 2, and 3 show three cylinders laid open. 
Fig. 1 represents a groove forming a regular spiral. 
Fig. 2, a groove with an increasing spiral, the curves 
being formed by arcs of circles of the same radius. 
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Fig. 3 shows also a groove with an increasing spiral, 
the sides of which are formed by arcs parallel one to 
the other, so that the radius of one will be less than 
that of the other. Here it will be seen that the grooves 
on the principle of the increasing spiral cannot be true, 
for it is only by making the sides of the grooves parallel 
to each other (Fig. 3), in the direction of their common 
centre, that the grooves can maint^n the same width* 
throughout, in which case they are not equidistant in a 
direction at right angles with the bore; and if the sides 
are equidistant in a direction at right angles with the 
bore, as in Fig. 2, they are not parallel, but continually 
approach each other. In the former case the grooves 
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widen, and in the latter they contract in the direction 
of the muzzle of the gun. The intended longitudinal 
increase of the turn of the groove, therefore, is not the 
only alteration which takes place. It is evident, as I 
have shown, that other very undesirable changes attend 
this description of groove. Although these defects may 
be almost imperceptible in small arms, yet the irregu-' 
larities which attend this method must be very appre- 
ciable when it is applied to guns of large calibre. These 
defects are also not noticed with small arms, because the 
bullet being made of lead instead of iron, accommodates 
its form to the varying shape of the grooves in its passage 
along the barrel ; but it is clear that the friction result- 
ing from this must be very injurious. 

Many points to which attention has here been particu- 
larly drawn may possibly appear trivial to those who 
have not paid much attention to the subject. But these 
trifles make in the aggregate the total effect of the pro- 
jectile, and all who have studied the subject, and fol- 
lowed it up by experiments themselves, must be well 
aware of the difference in the shooting of a rifled gun, 
which will sometimes be caused by, apparently, the 
most trifling alteration. There are few things which 
require so perfect a combination of qualities, in order to 
arrive at excellence, as rifled artillery ; and, considering 
its importance, nothing should be neglected which may 
tend in any way to insure it. 
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ON THE RANGE OP ELONGATED PROJEa 

TILES. 

On no point do the results of practice diflfer so much 
from theory as in all that relates to the resistance of the 
air upon projectiles, and its eflfect upon their ranges. 
Experience has compelled many (myself amongst the 
number) occasionally to modify opinions too hastily 
formed in connection with this subject. The intro- 
duction of projectiles of an elongated form, and the very 
extensive ranges obtained with them when fired from 
the rifled musket, gave rise to many speculations as to 
what might be accomplished with cannon-shot made on 
the same principle, and much disappointment has been 
expressed that the result has fallen short of what many 
predicted and more considered probable. 

One writer, a thoroughly practical man in aU that 
concerns small arms, stated it to be his opinion that 
with a shot of four inches in diameter, and three diame- 
ters in length, a range of ten miles was capable of being 
attained ; whilst others have endeavored to show that 
even more than this could be achieved. But if we ex- 
amine the matter more closely, it will at once be evident 
that the greatest range which such shot could acquire 
under the most favorable circumstances — ^that is to say, 
with the present means of projecting them — ^is far be- 
low this. It was, and by many is still, imagined, that 
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by continually reducing the diameter of the shot, and 
increasing its length — ^thus reducing the resistance of 
the air to its flight — ^the range would be continually in- 
creased; but, independently of the diflSlculty of giving pro- 
jectiles of more than a certain length a correct flight, there 
are other cogent reasons why this cannot be the case. 

We will first suppose a shot fired in a vacuum, with 
only the forces of projection and gravitation acting upon 
it ; the range acquired by a shot fired under these cir- 
cumstances is a matter very easily calculated; the 
method for computing it is given, among other writers, 
by Dr. Hutton {Theory and Practice of Ounnery^ 
Tract 37 ; see, also. Naval Ghinneryy by Sir H. 
Douglas, pp. 26 and 6Y). It appears that if projec- 
ted at an angle of 45°, and with a velocity of 2,000 
feet a second, a shot would have a range of nearly 
twenty-four miles. As the ranges of shot fired in a 
vacywam would vary as the squares of their velocities, a 
shot fired at the same angle, with a velocity of 1000 feet 
a second, would have a range of six miles only. 

If we consider, then, the difficulty of giving a mecm 
velocity of 1000 feet a second to the projectile of any 
kind, during the time required for a flight of six miles, 
it will at once be evident that even this range is (with 
our present means) extremely difficult of attainment. 
For a shot to acquire a range of six miles when fired in 
the air, that part of its surface opposed to the resistance 
of the air would have to be comparatively so small that 
no shot could possibly acquire such a range, except one 
of extremely large dimensions projected with an initial 
velocity of more than 1000 feet a second, ^ 
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If, however, wrought-iron or steel guns could be 
made of sufficient strength (of which, I thmk, there can 
be no doubt) to throw long projectiles of a diameter of 
seven or eight inches with a proper velocity, the range 
of six miles, and even more, if it were desired, would be 
easily attainable. But in whatever proportion the 
weight of projectiles may be increased, or the resistance 
of the air (opposed to their flight) reduced, a given 
velocity of JUght must always be necessary for them to 
acquire a given ranga The extended flight of heavy- 
war rockets is entirely owing to their great mean veloci- 
ty, acquired by opposing a continually greater force to 
the resistance of the air.* 

' In fact, however exaggerated the dimensions of a shot, 
it could not be projected to a distance of six miles if the 
mean, velocity of its flight were not higher than 1000 
feet a second, unless, indeed — as I am induceid to be- 
lieve is frequently the case with long shot — ^the resist- 
ance opposed by the air to its descent tends to prolong 
its flight. For although by elongating a shot (of a 
given weight) the resistance to its jUghi is lessened, 
yet — on account of the greater longitudinal Burface of 

'I' Attempts liave been made at yarions times to fire rockets from guns, 
bnt invariably without snccess, the rocket being nsnally blown into fr^- 
m^its. A little consideration of caase and effect will show the futility of 
such attempts ; for even supposing that rockets tould be fired from guns, 
no dependence could be placed upon their flight, as the impulse which 
they would receive from the gun would be greater than that which they 
would receive from the firing of their composition. The latter would not 
therefore take effect until the velocity of the rocket was greatly reduced, in 
which case the direction of flight would be imcertain, for the impulse 
which the rocket would receive from the firing of the composition would 
always take effect in the direction of the longer axis of the rocket — ^a 
direction diflferent from that which the rocket has in the gun* 
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the shot — ^the resistance opposed by the air to the action 
of gra\dty is increased. So that, if a shot with a very 
small diametrical surface, as compared with its length, 
were fired with a velocity not exceeding its terminal ve- 
locity (in which case the loss in velocity which it would 
sustain from the resistance of the air before it would 
be attracted to the earth would be scarcely appreciable), 
it might actually attain a greater range when fired in 
the air, paradoxical as it may appear, than if projected 
in a vdcuum / since, owing to its undiminished velocity, 
and the resistance to its descent, the time of its flight 
would be more prolonged, and the curve consequently 
larger than it would be if the shot were fired (with an 
equal velocity) in a vdcuwm. 

In computing the ranges of shot projected in a vacvr 
unij all that is necessary to consider is their velocity of 
projection, and the angle at which they are fired. 
When fired in the air, besides the resistance which is 
opposed to their flight, their weight also must be 
taken into account, since it enables them to overcome 
that resistance ; and, therefore, any increase in the size — 
and consequently in the terminal velocity of the shot — 
will be followed by an increase in their power of acquir- 
ing greater mean' velocities, and, therefore, greater 
ranges. Thus, for example, when heavy projectiles are 
fired with low velocities (below their terminal veloci- 
ties), they acquire the ranges, or nearly so, which they 
would have if fired in a non-resisting medium, namely, 
as the square of the velocity ; since they oppose to the 
resistance of the air a greater resistance, in their own 
weight. For instance, a 13-inch mortar of 36 cwt., fired 
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with a charge of 4i Iba of powder, will throw a shell 
nearly 1500 yards; and when the charge is increased to 
9 lbs., 2900 yards; but when the charge is diminished 
to 2 lbs., the range is little more than 400 yards.* 
(See ArtMerisis Mcmual^ by Major Griffiths, K. A., 
Table of Morta/r Practice^ pp. 77, 78). 

In proportion as the elevation of the gun is low, and 
the space to be traversed by the shot small, the value 
of a high initial velocity increases ; and the shot which 
can acquire the highest mean velocity, or, in other 
words, the shortest time of flight in passing over a 
given space, will have the lowest trajectory. 

Considering that the velocity giyen to elongated shot 
of all sizes, in horizontal firing, is very nearly the same, 
I think it will be found that the effect produced by any 
increase in the length of the projectile, used in this 
description of firing, will be less, in proportion as the 
diameter of the bore of the gun is increased ; and my 
reasons for this belief are as follows : If we duly con- 
aider the cause why so great an increase in the range 
attends an increase in the length of shot of a small 
diameter, we find that shot of small size suffer a com- 
parative resistance from the air so much greater than 
those of a larger size, that any reduction in this resist- 
ance is immediately productive of a very great difference 
in their ranges. Thus, an ordinary round musket bullet 
has an effective range as far as six or seven hundred 
yards ; but by reducing its diameter, and increasing its 

• The Telocities acquired by shot are directly as the square roots of the 
charges of powder, and inversely as the square roots of the weight of the 
shot. — (ArtUlerisfs Manual^ p. 190.) 
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length to three diameters — thereby considerably lessen- 
ing the surface which it opposes to the air, without 
diminishing its weight — ^the range is more than doubled. 
When, however, we have to deal with heavy cannon 
shot, we find that the same comparative excess of range 
is impossible ; for, when fired in a horizontal direction, 
the time which would elapse before the long shot could 
be drawn to the earth by the action of gravitation would 
be too small to admit of any advantage being acquired 
from that greater mean velocity of flight which it would 
have if fired at a great elevation. 

Besides, large spherical shot have already surfaces so 
small in proportion to their weights, when compared 
with those of musket bullets ; and consequently a mean 
velocity of flight (when fired at low elevations) so much 
more nearly approaching that which they would have 
in a vacuv/m^ or, which would be due to their velocity ; 
that to attempt to materially increase their range by 
lengthening: the shot considerably, would be of little 
avail, unless an increased velocity of translation were 
given to them. In fact, I believe it will be found that 
when the diameter of a long projectile exceeds eight or 
nine inches, very little, if any, diflference will be per 
ceptible in the range — except, perhaps, when they are 
fired at the highest elevations — ^whether the shot be 
two or three diameters in length ; supposing the initial 
velocity with which each is fired to be the same ; and 
that it do not exceed that which would be produced by 
firing a charge of powder not exceeding one-eighth of 
the shot's weight. If a larger quantity of powder, or a 
higher velocity than the above were employed, the ad- 
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vantages accruing from the greater length of the projec- 
tile of three diameters would be more appreciable. 

It will also probably be found, for the same reason, 
that the ranges of long shot of different diameters, when 
the shot exceed a certain size, will not exhibit the same 
relative difference as those of round shot of different 
diameters. Indeed, in the case of long shot, the resist- 
ance or the air is so much reduced, that a shot of eight 
inches diameter, if fired with the ordinary velocity, 
would probably retain that velocity nearly undiminished 
throughout its flight ; so that at whatever distance from 
it — within its range — ^an object were placed, it would 
always strike it with nearly the same force, irrespective 
of the distance; hence the destructive power which is 
to be obtained by the use of such projectUes when fired 
at great elevations. 

For this reason, too, Avhen long shot of very large 
dimensions are used — as, for instance, of 8 inch diameter 
— ^it is very probable that the turn to be given to the 
'rifling may be rather less than that determined by the 
rule I have previously explained. (See the previous 
chapter, " On the Manner in which a Difference in the 
Calibre influences the Turn of the Rifling.") Unless 
such shot have very great velocities or very high eleva- 
tions, the time of flight is not sufficient to aUow of the 
diminished resistance of the air to increase the range. 

A proper consideration of the subject will always 
enable those who are interested in it to form a tolerably 
correct opinion respecting the manner in which all these 
circumstances influence the rotary velocity required for 
long projectiles, and to modify the turn in conformity 
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with it. Experiments for ascertaining the velocities of 
long projectiles, with the ballistic pendulum, are very 
much required : until the result of such experiments is 
known, it will be impossible to calculate with any de- 
gree of exactness what range is attainable with pro- 
jectiles of large diameter. If (as I think probable) 
a heavy elongated shot may be made to acquire a 
velocity of about 1200 feet a second, a shot of eight 
inches diameter and three diameters long might, when 
fired at a very high elevation, attain a range of nearly 
eight miles.* 

Some time after the foregoing portion of this chapter 
was written, my attention was directed to a statement 
made by Sir W. Armstrong, at the United Service 
Institution, and reported in the Mechxmici Magazine^ 
June 3, 1859, to the effect, that elongated projectiles 
have a greater range when they are fired in the air, than 
they would have if they were fired in a vacuum, or non- 
resisting medium. This statement bears, at first sight, 
so much resemblance to certain opinionsf which I have 
hazarded myself in the preceding pages, that I think it 
necessary to make a few remarks respecting it. 

Sir W. Armstrong's observations (as reported) are as 
follows: "In a vacuum the trajectory would be the 
same whether the projectile were elongated or spherical, 

* Two years ago, that is to say, two years after the ahove was published, 
I obtained at Shoeburyness, with a 7-inoh rifled projectile, of 174 lbs. 
weight, a range of more than 10,000 yards, or nearly six miles. This is 
the greatest authentic range ever recorded of any gun. 

t These opinions were written in 1858, and were then merely conjectural, 
but have since been verified by experiment in a remarkable manner. 
They appear, however, at first sight, ^o paradoxical, that I hesitated about 
publishing them, until they were in some degree confirmed by practice. 
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SO long as the angle of elevation and the initial velocity 
were constant ; but the presence of a resisting atmosphere 
makes this remarkable difference — ^that, while it greatly 
shortens the range of the round shot, it actually pro. 
longs that of the elongated projectile, provided the angle 
of elevation do not exceed a certain limit, which, in my 
experiments, I have found to be about 6°. This appears 
at first very paradoxical, but it may be easily explained. 
The elongated shot, if properly formed, and having a 
sufficient rotation, retains the same inclination to the 
horizontal plane throughout its flight, and consequently 
acquires a continually increasing obliquity to the curve 
of its flight. Now the effect of this obliquity is, that 
the projectQe is in a measure sustained upon the air, 
just as a kite is supported by the current of air meeting 
the inclined surface ; and the result is, \hat its descent 
is retarded, so that it has time to reach to a greater 
distance." 

The reader will observe that I have not gone quite so 
far as to assert that long projectiles actually have their 
range prolonged when fired in the air ; I have merely 
hazarded the conjecture that, under certain circum- 
stances, such might possibly be the case. It cannot 
be positively asserted as a fact, until we know pre- 
cisely what initial velocities these projectiles really 
acquire. 

I supposed that it might be true, from the circum- 
stance of finding that the ranges of long projectiles, of a 
certain size and form, varied in a greater degree (with 
the elevation) than they would do in a vacuv/m. 

Some long expanding projectiles of mine, 4*2 inches 
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in diameter, and of about 32 lbs. weigbt, were fired at 
Shoebnryness, in May, 1858, from a 32-ponnder brass 
howitzer, with bore the size of a 9-pounder, with an 
elevation of 5°, and a charge of 4 lbs. of powder; these 
shells attained a range of about 2000 yards. 

On another occasion (February, 1859), when fired 
with an elevation of 10°, with a similar projectile and 
charge of powder, a range of more than 4000 yards was 
attained ; that is to say, the gun threw a rifled shell of 
one-half greater weight than the service shell (22 lbs.) 
to more than double the ordinary distance (1900 yards) 
attained with the same elevation. 

But the most remarkable circumstance was, that it 
showed that when fired with equal initial velocity, but 
different elevations, the ranges of long projectiles in 
some cases will Vary in a degree as great as, or even 
greater than, if fired in a vacuimh ; when their ranges 
are supposed to vary as the size of twice the given 
elevation. 

The fall explanation of the manner in which the re- 
sistance of the air tends to lengthen the flight of a long 
projectile may be given as follows : When a round pro- 
jectile is passing through the air, the whole resistance 
to its flight* is in the direction of the tangent to the 
curve ; but when a long projectile is used, a different re- 
sult is obtained. For, in consequence of the well-known 
law of hydrodynamics, that when a solid body strikes 
obliquely on a fluid mass, the resistance will be perpen- 
dicular to the surface of the solid, the resistance on the 

* This is iadependent of the unequal action of the air on opposite sides 
of the shot, caused hj its rotary motion. 
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8iir&ce of an elongated shot will no longer act in the 
direction of the tangent to the curve of flight ; but the 
resultant of the pressures on the fore end and the under 
side wiU act in a direction above the tangent to the 
curve ; so that although the velocity of the projectile is 
diminished, it will be made to describe a path rather 
less curved to the horizon than it would otherwise have 
done. Hence, in certain circumstances, as when the 
elevation of the gun is not very great, the range may be 
prolonged. 

It will be noticed that Sir W. Armstrong considers 
that to be a properly formed shot of which the axis re- 
mains parallel to itself during its flight ; but I am con- 
vinced it will be found that a preferable form of shot 
wiU be one that has the centre of gravity thrown 
forward, so that the shot will remain approximately a 
tangent to its trajectory throughout its flight. In this 
case, the loss of velocity will be much less than in the 
former, and at the same time the obliquity to the tra- 
jectory will be sufficient to call into play the sustaining 
power of the air. ^ 

A projectile which maintains its axis parallel to itself, 
might have a certain advantage when the gun has little 
or no elevation, because the obliquity to the curve of 
flight would not then be so prejudicial to the velocity 
of the projectile, and the whole of the pressure upon its 
under surface would tend to sustain its flight ; but the 
time of flight in this case (unless the gun were placed 
on an eminence) would be too small to admit of any 
great advantage being thus obtained. When, however, 
the angle of elevation is high, the " increasing obliquity 
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to the curve of flight " tends to diminish the velocity 
more than to retard the descent of such a projectile;^ 
and its curve of flight and range are, in consequence, 
diminished. 

Hence the effect which Sir W. Armstrong remarked 
in his experiments — ^that the prolongation of flight al- 
luded to was only observable when the angle of eleva- 
tion was below 6''. 

Sir W. Armstrong's concluding sentence, that "its 
(the projectile's) descent is retarded, so that it has time 
to reach to a greater distance," could hardly, I should 
think, have been carefully considered before it was 
uttered ; for every person familiar with the theory of 
the motion of projectiles will see that by diminishing 
the velocity of a projectile after it has passed the apex 
of its curve, its time of flight is lengthened, while its 
range is on the contrary diminished. 
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ON EXPERIMENTS IN GUNNERY. 

GuNNEBY furnishes no exception to the rule,, that 
there must be a cause for every eflfect; indeed, in 
scarcely any investigation is a knowledge of causes 
more essential than in conducting experiments in gun- 
nery. Hence, when we find that two shots, fired appar- 
ently under precisely the same circumstances, show a 
variation in their range, or in their accuracy, we know 
that a cause must exist why this should be the case ; 
and although the fact of the variation in the effect of 
shot fired under similar circumstances shows that 
general rules only are applicable in gunnery, and that 
no single result is to be relied on, yet a proper study of 
cause and effect in this matter will considerably reduce 
the chances of failure.* 

It is not sufficient, merely, to obtain a greater range, 
accuracy, or general effect ; but we should know, also, 
how these results are obtained, if we wish to profit by 
them in the greatest possible degree. 

Before any new principle can be successfully applied 

♦ These somewhat trite remarks were called forth by an observation 
which was made to the author by an artillery oflScer of some eminence — 
to the effect that "the firing of the charge, with cannon, was attended 
with snch varying results, that it was useless to think of applying any rule 
for regulating the thickness or strength of metal, required for guns of dif- 
ferent calibres!" 
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in practice, repeated failures must always be expected. 
I may go so far as to assert that they are absolutely 
necessary to the complete attainment of success. Be- 
cause the Lancaster, Whitworth, and other guns may 
have failed in fulfilling the expectations that were 
formed respecting them, their trial is by no means, on 
this account, to be considered as an entirely useless ex- 
penditure of either time or money. On the contrary^ it 
was necessary that they should be made; and no 
doubt considerable advantage, in many respects, will 
arise from their having been made. 

When men possessing mechanical skill in the highest 
degree — as Mr. Whitworth, for instance — ^undertake ex- 
periments with a view to any improvement in the con- 
struction of implements, whether of a warlike or a 
peaceful character, good must always result ; for, even 
if they fail in establishing their views, considerable 
light will always be thrown upon the subject, to serve 
as a guide for the future. Still, although the aid of 
able mechanicians is of great importance in the practi- 
cal application of the theory of rifled cannon and projec- 
tiles, the theory itself is, nevertheless, a scientific, rather 
than a mechanical, question. 

It will require systematic and well-conducted experi- 
ments, extending over a course of many years, before a 
sujfficient knowledge can be acquired of all the circum- 
stances attending the application of the principle of the 
rifle to cannon, to enable us to decide upon the best 
practical system for the construction, either of the gun 
or the projectile. The different methods of applying 
the principle of the rifle to cannon — as, by having the 
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gun to load at the breech, or the muzzle ; or, having a 
compound, or a homogeneous projectile — will each have 
to be the subject of numerous experiments. 

It is all the more imperative that these experiments 
should be undertaken by the Government, inasmuch as 
no person — so small is the knowledge which has as yet 
been generally acquired of this subject — is at pr^ent 
really competent to^give an opinion upon any thing new 
in connection with it which may be brought before their 
notice. I think I should not be far wrong in asserting 
that only a very few persons connected with the War 
Department are yet fully aware either of the compre- 
hensive nature of the subject of Rifled Cannon, or of 
their want of knowledge in every thing relating to it. 
To stand by and witness the trial, at Woolwich and 
Shoeburyness, of a number of projectiles, or a new 
gun — ^the result, in general, of private experiment — 
teaches little or nothing. Much more is learned by 
firing a single shot — ^made expressly for the purpose of 
ascertaining some particular point — and by a thorough 
examination and careful study of all the circumstances 
attending its projection, than by merely witnessing the 
firing of twenty thousand projectiles devised by other 
persons. The result^ obtained with the latter may be 
apparent enough, but the train of reasoning (the fruit 
of personal experience) which produces these results, 
remains altogether unknown ; for although a man may 
communicate the result of his experiments, yet he can- 
not furnish another with his personal experience ; and 
without this it is perfectly impossible to efifect, or even 
to suggest, any important improvement. 
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There is scarcely a question — ^if, indeed, there "be 
one — in the whole subject of dynamics, or the laws 
which relate to a body in motion, which is not involved 
in the investigation of the circumstances attejiding the 
j&ight of elongated projectiles; these require to be 
thoroughly investigated and known, before any decided 
opi^on can be given as to the best practical method 
for constructing rifled cannon. A system founded 
upon mere guess-work would have a very unsound basis. 

It has been too much the custom to speak slightingly 
of theory in gunnery. This is probably owing to the 
unsatisfactory state of the ordinary theory of gunnery ; 
but the acquisition, in this instance, of a sound theory, 
is of the highest importance. The stride which has 
been made in the practice of gunnery since Eobins's ex- 
periments were made known, resulted from his discov- 
eries respecting the laws which govern the flight of pro- 
jectiles, and respecting the nature of the projecting 
force. When once a theory has been framed, based 
upon sound principles, the mechanical improvements 
follow as a matter of course. . 

SuflScient attention has not hitherto been paid to the 
correctness of the principles upon which the cannon and 
projectile should be constructed. To this, chiefly, must 
be attributed the failure of the Lancaster and Whit- 
worth guns — the projectile, in the former case, acting 
like a wedge ; in the latter, like a lever, in the bore of 
the gun. 

To produce any great and useful results, a combina- 
tion of sound theoretical and practical knowledge is 
jD-ec^asary, and this can only be obtained by a long and 
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close study of the subject, and by numerous experiments 
carried on with unremitting attention. 

No single invention — as of a projectile — ^a method of 
loading at the breech — ^a peculiar form of groove, or 
any other mechanical contrivance — ia of the least usedn 
itself, unless a perfect combination — such as the proper 
length of the gun— of the turn — ^the most suitable 
metal for the gun, etc — ^is obtained for rendering it 
effective. If each of these be not adapted to the others, 
the whole must inevitably fail in practice. It is the 
difficulty of effecting this combination which renders 
experiments with rifled guns so complicated and costly. 
K properly conducted experiments had been at first un- 
dertaken by the Government at their own expense,- 
instead of relying upon the inventive and pecuniary re- 
sources of private individuals for the acquisition of their 
data — ^which, to say the least, is a rather pitiful course 
to adopt ; for, if a new thing is worth trying, it must 
surely be worth the cost of the trial — ^the public would 
have been spared the expense (amounting to between 
three and four hundred thousand pounds) of the Lan- 
caster gun factory. 

Notwithstanding, therefore, the numerous experi- 
ments which have been made in gunnery, and the im- 
mense mass of data which must have resulted from 
them ; yet, owing to the desultory manner in which the 
experiments have been carried on, they have been pro- 
ductive of much fewer practical results than we might 
reasonably have expected. Experiments with rifled 
cannon not only require to be conducted systemati- 
cally, but, to be productive of real benefit, they also 
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require to be conducted by properly qualified per- 
sons. 

The questions which constantly arise in gunnery ex- 
periments are sometimes so complicated and difficult of 
solution, that none but a mathematician of the highest 
order can really ascertain the value of the results which 
are obtained. To conduct experiments in gunnery, 
therefore, in a proper manner, it is^ of the first impor- 
tance to have a good mathematician to collect and ar- 
range the data, and. to ascertain the exact numerical 
value of the results obtained. 

It wiU be also necessary to have a practised experi- 
mentalist to profit by these results; one who, with a 
proper knowledge of cause and effect, is capable of sug- 
gesting the best method for the attainment of certain 
objects. A clever mechanician, to invent and judge of 
the means which can best be employed for carrying out 
the plans suggested, should also assist in conducting 
such experiments, to insure their being attended with 
the most useful results. 

The whole of these qualifications are rarely combined 
in a single individual. Kobins was a remarkable ex- 
ception, and his experiments, in consequence, formed an 
era in gunnery. 

But although the necessary qualities are seldom found 
in one person, there is no reason why several persons 
should not be selected, who would, collectively, possess 
them ; and who might either be placed on the Rifled 
Ordnance Committee, or act with it in such a manner 
that their services would always be at its disposal, or 
at that of the presiding officer at Shoeburyness (an im- 
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portant office, for which no one could be better quali- 
fied than the gentleman who now fills it) ; the results 
of their operations to be finally submitted to a com- 
mittee of experienced military men of all services, who 
would be able to judge of their practical value. 

A systematic course of experiments conducted under 
such joint superintendence would be the right course to 
take for acquiring the proper daia respecting all the 
circumstances connected with rifled ordnance, in a much 
shorter time, and more satisfactorily, than could other- 
wise be the case. To conduct experiments in a desul- 
tory manner is invariably a useless expenditure of both 
time and money. 

It is impossible for a private individual to undertake 
such experiments on a sufficiently large scale to be pro- 
ductive of conclusive results ; they should be conducted 
somewhat after the manner of Button's experiments, 
only on a much larger scale ; each with a view to some 
well-defined object. The following are amongst the 
chief circumstances in connection with rifled ordnance, 
respecting which some certain data are required, and 
each shoidd therefore be the subject of a separate course 
of experiments. 

1. Experiments with the ballistic pendulum for find- 
ing the different velocities of rifle shot under varied 
circumstances; so that. both the initial velocities given 
by different charges of powder, and the loss of ve- 
locity — occasioned by the resistance of the air — which 
the shot suffers in passing through different spaces, shall 
be thoroughly ascertained. At present literally nothing 
(certain) is known with respect to these pointa 
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These experiments in the case of rifled shot ought to 
be attended with better than ordinary results, as the 
pendulum could be placed at a greater distance than 
usual, on account of the superior accuracy of flight of 
rifled shot. 

2. The diflferent quantities of Mction in the case of 
both compound and iron shot of different kinds ; and 
the loss of power occasioned by it. 

3. The effect produced upon the flight of long shot by 
any alteration in the position of the centre of gravity. 

4. The effect produced by a difference in the forms of 
projectiles.* 

5. The difference in the ranges and deflection pro- 
duced by different elevations with shot of different 
lengths. 

6. The circumstances attending the penetration of long 
projectiles into various substances. 

7. The angular velocity required for shot of different 
sizes, forms, and density, when fired with different ve- 
locities and elevations. 

8. The form of groove which shall produce the ne- 
cessary effect with the least amount of friction. 

9. The relative strength of metal required in guns of 
different sizes. 

10. The GurveSj and also the times of flight, of long 
projectiles ; in order to ascertain the best method for 
securing tfie greatest amount of efficiency in firing them 
at high elevations. 

* It would be a great advantage if the establishment at Shoeburyness 
were furnished with the means — at least on a small scale — of casting, forg- 
ing, or altering experimental projectiles, so that they might be tried with- 
out delay. It would be a great saving in time, and, eventually, in expense. 
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11. The effect of windage, especially with iron pro- 
jectiles. 

12. The eflfect produced by altering the length of the 
bore of the gun. 

13. The effect produced by using powder of a dif- 
ferent quality. 

14. The effect produced by the charge of powder in 
cTiamhers of different forms and dimensions. 

Besides those which I have enumerated, there are 
many other points relative to which sufficient data must* 
be fully acquired before unerring results can be ob- 
tained. Those who, like myself, have made many ex- 
periments on a smaller scale, have acquired sufficient 
data, perhaps, to form by comparison a general opinion 
upon all these questions, and (assisted by some ac- 
quaintance with the ordinary theory and practice of 
gannery) may even have arrived at the power of 
estimating some of their effects with a certain degree 
of accuracy; but the velocities of rifled shot when fired 
with different charges, the friction^ and many other 
points, can only be ascertained by a regular course of 
experiments with the ballistic and gun pendulums, and 
by other means of much too extensive a nature for a 
private person to undertake. 

Whilst the necessary experiments are being carried 
on, there is no reason why the country should be de- 
prived of the use of rifled cannon. The manufacture of 
the Armstrong gun may be proceeded with ; but we 
need not confine ourselves exclusively to guns of this 
description. There are several methods by which a 
supply of very efficient rifled cannon may be obtained 
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without going to an exorbitant outlay in the exclusive 
adoption of cannon of the most expensive kind, pre- 
viously to a thorough trial of their merits in actual ser- 
vice, or before the utmost simplicity in their construc- 
tion is attained. Enough has been said to show that 
the knowledge which has already been obtained bears 
but a* small proportion to that which remains to be , 
acquired, and that further experiments are therefore 
necessary. 

The accuracy attained with the Armstrong gun is a 
beautiful mechanical feat, but one which will be com- 
monly performed (and by much simpler means) when a 
better knowledge of the subject has been acquired ; it 
has shown what can be eflfected with this particular 
combination, but little else has been learned from it; 
and until the truth concerning all the points which I 
have enumerated, ai)d many others, be clearly ascer- 
tained, it will be impossible to decide as to which is 
positively the best system for the construction of rifled 
cannon. 

To give an example of the change in opinion which 
experiment will effect: it is a remarkable fact that 
almost all the circumstances which the Ordnance Select 
Committee objected to, three or four years since, as per- 
fectly inadmissible in the practical adaptation of the 
principle of the rifle to cannon — such as a compound 
projectile — a projectile composed of many pieces — a. 
breech-loading gun — sl gun constructed of wrought iron, 
especially in such a manner as not to be homogeneous — 
are united in the Armstrong gun. 

In like mapner, it will probably happen, when further 
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experiments are made, that the description of rifled gun 
which will be finally adopted will diflfer as much from 
the experimental (for the whole are but experimental) 
guns which have been tried up to the present period, as 
these differ from the earlier attempts which were made; 
for, as yet, experiment has been directed ^ almost solely 
to improvement in the mechanical application of a prin- 
ciple of which really very little (certain) is known; 
instead of being directed to the acquirement of a 
knowledge of what relates to the principle itself. 

This it is which gives rise to such expensive blunders 
as the Lancaster gun factory ; a greater blunder, how- 
ever, will be committed if we adopt .breech-loading guns 
to the exclusion of all others.* Fortunately, there is to 
be found amongst the members of each branch of our ser- 
vice a fund of sound common sense, which (and this, 
upon investigation, will be found, I believe, correct) 
always leads, eventually, to the adoption of the best 
thing of its kind, when its superiority has been properly 
established ; although, in most cases, it is effected by a 
very roundabout and expensive process. 

By neglecting, therefore, in this instance, to make 
proper experiments, we throw away advantages which 
would enable us to acquire that superiority with regard 
to projectile effect, the possession of which (especially 
in a country like our own, the confines of which are all 
coast) should be a matter of primary importance. 

* The advantage of the breech-loading system, in allowinjg the men who 
serve the gun to be less exposed, is not so prominent with long-range 
guns as with others ; siaoe the former would more frequently be out of 
the range of musketry. 
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ON THE NATURE OF THE ACTION OF 
. FffiED GUNPOWDER. 

(Bead bbfobb the Boyal Soodbtt, December IG, 1858.) 

A LONG interval has elapsed since the subject treated 
of in the following pages has engaged the attention of 
the Royal Society. I believe I am correct in stating 
that Count Rumford's paper on the initial force of gun- 
powder, read before this Society in 1797 {JPTiUos. Trans.^ 
vol. 87), was the latest. Previously to this, the names 
of Leuwenhoek, Hauksbee, Robins, Hutton, and Ingen- 
hausz appear in the Philosophical Transactions, in con- 
nection with the subject of the force of gunpowder. 
Each of these eminent persons contributed largely 
towards its development. In consequence, however, of 
their limited knowledge of the initial force and action 
of fired gunpowder, their theories remained very im- 
perfect. Count Rumford, fully aware of these, imper- 
fections, instituted a course of experiments for the 
purpose of acquiring farther data; but these experi- 
ments, although extremely valuable, fafled in establish- 
ing any conclusive results. 

The object of the present paper is to call attention to 
some remarkable circumstances attending the ignition 
of gunpowder, and to point out their application to the 
construction of cannon, and, in general, to the theory of 
gunnery. In the course of it I shall endeavor to ac- 
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count for, and to reconcile, many well-known experi- 
mental facts, wliicli are inconsistent with the hitherto 
received theory of the action of gunpowder ; as well as 
to show the unsatisfactory nature of the existing theory 
in other respects. The present system of practical gun; 
nery is encumbered with a mass of empirical formulae 
which rather bewilder than assist the student, and afford 
no means of arriving at any satisfactory conclusions 
respecting either the relative length and strength re- 
quired for different kinds of ordnance, or the initial 
velocities acquired by the projectile. 

The thfeory which will be enunciated and explained 
in the present paper is based upon numerous experi- 
ments of a most satisfactory and conclusive nature, some 
of which will be described ; and although further ex- 
periments will, no doubt, be required, and time for its full 
development, still sufficient data have been obtained to 
Establish its correctness, and to suggest a set of more 
accurate and simple formulae, and thus to afford a 
satisfactory point of departure for future scientific in- 
quiries. 

The principal writers on the theory of gunnery are 
Robins and Hutton. Although many valuable experi- 
ments have been made, and empirical formulae deduced, 
among others, by Piobert and Mordecai, the writings 
of the two authors first named contain all that has been 
done to reduce gunnery to a science. (The results of 
their investigations may be seen collected in Captain 
Boxer's Treatise on Artillery?) I will therefore pro- 
ceed at once to explain the suppositions upon which 
their theory of the action of gunpowder depends. 
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They assume (Robins, Prop. Y, p. 74) that the whole 
of the powder is converted into an elastic fluid before 
the ball is sensibly moved from its place ; and that the 
ball is then moved by the pressure of this elastic fluid 
gradually expanding. In this way the investigation of 
the velocity xjdth which the ball leaves a piece of 
ordnance presents no difficulty, and the formula is 
easily obtained for the velocity of a ball issuing from a 
cannon. This formula,* however, contains a quantity 
{n) the value of which is unknown — ^viz., the initial 
force of the elastic fluid generated from the gunpowder. 
Before the velocities given in different cases by this 
formula can be compared with the results of experi- 
ment, we must assign some value deduced from experi- 
ment to this quantity. In this way the formula is found 
to give the velocity with sufficient accuracy when the 

♦ Button's formula is «*= ^ ^ ^ ^^ — x log — • where ^ 

w a' 

a = the length occupied by the charge ; 

h = the length of the bore ; 

d = the diameter of the ball, or of the bore ; 

^ = 16yj or 16, the accelerating force of gravity; 

m= 230, denotiog the pressure of the atmosphere on the square inch, in 

ounces ; 
n : 1 the ratio of the first force of the fired gunpowder to the pressure of 

the atmosphere ; 
w = the weight of the ball. 

Putting to' for the weight of the powder, Robert's formula makes the ve- 
locity of the ball proportional to y' log( 1+ —) ; the charge being such, 

in proportion to the weight of the ball and to the length of the gun, that 
the powder iriay be supposed to act on the ball whilst the gaseous fluid re- 
tains a high degree of tension ; i e., the weight of the powder not being 
more than two- thirds that of the shot: the length of the gun in calittres is, 
however, supposed constant, and the charge limited, 

/1o' 
The practical formula is « = 2000 ^ — 
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circumstances of discharge are not very diflferent from 
those by means of which the numerical value of the 
initial force of the fired gunpowder is determined. But 
when a much larger charge of powder is employed, or a 
much longer or shorter gun, the formula gives results 
very erroneous. 

The following conclusions result from the above sup- 
positions : 

(1) That, whatever the quantity of powder which is 
used, the initial force of the elastic fluid must be the 
same^ since the quantity of that fluid will always be pro- 
portional to that of the powder, and therefore to the 
space occupied by it — supposing that other circumstan- 
ces are the same. When it has been found necessary, 
in order to explain observed facts, to suppose the 
pressure of the fluid generated by the explosion of 
a large charge greater than that from a small one, it has 
been attributed to the greater heat, in the former case, 
increasing the tension of the fluid.* 

(2) That when guns of different sizes are used, the 



♦ (Hutton's Fhil. Dictionary — Art. Gunpowder^ p. 620.) " Hence it 
appears that any quantity of powder fired in any confined space, which it 
adequately fills, exerts at the instant of its explosion against the sides of 
the vessel containing it, and the bodies it impds before it, a force (accord- 
ing to Kobins) equal to six tons and a half on the square inch — and it is 
proved by my Tracts, vol. iii., that the force is more than double this. 
This great force, however, diminishes as the fluid dilutes itself, and in that 
proportion, viz., in proportion to the space it occupies ; it being only one- 
half the strength when it occupies a double space, one-third the strength 
when triple the space, and so on. Mr. Robins farther supports the degree 
of heat to be a medium heat ; but that, in the case of larger quantities of 
powder, the heat will be higher, and in very small quantities, lower ; and 
that, therefore, in the former case the force will be somewhat more, and in 
the latter somewhat less than 1000 times the force in pressure of the 
atmosphere." 
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weights of the shot and of the. charge being propor- 
tional, the length of the gun should be increased in the 
same ratio as the size of the bore, in order to give the 
same velocity to the shot * (Button's Tracts^ voL iii, 
p. 313.) 

But it is a well-known experimental fact, that length 
(in calibres) is not so important with large guns as 
with small The barrel of a musket is about 67 cali- 
bres; that of a 9-pounder, 20 calibres; and of a 
32-pounder, about 16 calibres ;f and it is found that, by 
increasing the length of a cannon beyond this extent, 
the velocity is not increased to a degree at all. propor- 
tionate. 

Major Mordecai, of the United States ArtUlery, states 
that an addition of 9 calibres to a gun of 16 calibres in 

* (TreatiM on Artillery^ by Captain Boxer, R. A., p. 72.) "It has 
already been stated that, in guns of different calibres, the length required 
in each to give their respective shot the same initial velocity, or nearly so, 
will not be the same number of feet or inches, but the same number of 
calibres ; and why is this ? Principally for the reason that the surfaces 
upon which the forces act in the two cases are in proportion to the squares 
of the diameters, whereas the masses which are propelled, or upon which 
these forces act, are in proportion to their euhes ; and, therefore, with the 
same pressure upon every square inch, it requires the force to act through 
a greater distance in the one case than in the other to obtain the same 
velocity." 

General Piobert — a high authority — ^however, clearly intimates (Oours 
(TArtillerie, p. 81), that the knowledge of the theory of the movement of the 
projectile in the gun is yet to he acquired. 

t It is shown by M%jor Mordecai, in his valuable work (Experiments on 
Gunpowder, pp. 112, 118), that the velocity acquired by a 24-pounder 
shot, fired with a charge of powder one-fourth of its weight, from a gun 
with a bore I8i calibres in length, is about 1600 feet a second ; whilst the 
velocity acquired by a musket bullet, fired with a charge of rather more 
than one-fourth of its weight, is shown (at pp. 158, 161) to be about 
1500 feet a second — the length of the bore in this case being upwards of 
50 calibres. 
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leDgth, adds only ^V^h to the velocity of a 12-lb. ball, 
when fired with a charge of 2 lbs., and ^th when fired 
with a charge of i.lbs. of powder. (Nia/val Gwrmery^ by 
Sir H. Douglas, p. 44, Note.) 

It would also follow, from the theory of the eminent 
writers already named : 

(3) That guns of different magnitudes, in which pro- 
portional charges of powder are used, should be of pro- 
portionate strength at the breech. 

But this also is contrary to experience ; for it is found 
that large guns are much more liable to burst than 
small ones, and require, therefore, to be much stronger 
in proportion at the breech. 

The discrepancy of experiment with the theory is 
more manifest in these two cases when the charge of 
powder is considerably increased, and becomes so great 
that in some instances, as in large mortars, where heavy 
shells are fired at great elevations and with large charges 
of powder, the theory becomes quite useless. 

In other cases, in order to make it agree with experi- 
ment, it is necessary to assume the initial force of the 
elastic fluid to be different for every charge of powder, 
and even for every length of gun, as may be seen from 
the tabular statements in Hutton's Tracts (vol. iii., p. 
296). It ii^ not difficult to see that the initial force may 
be greater when larger charges are used, as the heat of 
the fluid may be greater ; but it is manifestly absurd to 
suppose that the length of the gun should have any 
influence on the initial force of the powder. All these 
discrepancies conclusively prove that the recognized 
theory is incorrect ; to these might be added, that it 



128 ON THE NATFBB OF THE 

takes no notice of the effects of different kinds of 
powder, which are very observable in practice, and 
which will be alluded to at greater length presently. 

It has been just remarked, that, in order to make the 
theory agree with experiment, it is necessary to suppose 
the initial pressure of the fluid to be different for each 
charge of powder ; it is also necessary to suppose that 
it varies with the weight of the shot. Indeed, it is laid 
down as a well-known fact by all writers on the sub- 
ject, among whom we may instance Piobert, Gillion, 
Mordecai, and Sir Howard Douglas, that the tension or 
pressure of the elastic fluid increases with the resistance 
that is opposed to it. 

It does not seem to have occurred to them that it is 
an absurdity to suppose the resistance opposed to the 
pressure of the fluid should increase that pressure,, but 
it manifestly is so. At the same time the experimental 
facts from which this conclusion was drawn are un- 
doubted, and must therefore admit of some other ex- 
planation. 

Piobert gives as the result of his experiments that 
the first pressure jof the fluid, when one bullet is placed 
in the barrel, is equal to 2500 atmospheres ; when two 
bullets, 2700; when three, 2880; and when thirteen 
bullets are used, 3040 (F. Gillion, Sur les Oanpns Ra/yes^ 
p. 49). The proper conclusion from the experiments is, 
that the total pressure of. the fluid during the passage 
of the bullets along the barrel is greater when their 
weight is increased ; it being, as remarked above, mani- 
festly absurd to suppose the initial pressure greater in 
one case than in another. 



X 
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The explanation of the difference is to be looked for 
in a circumstance not taken any notice of in the theory, 
viz., the diminution of the heat, and consequently of the 
pressure, of the fluid, as it expands. In consequence of 
the heat of the expanded fluid being less, the pressure 
of the fluid will diminish much more rapidly as it ex- 
pands, than is supposed by the theory ; and every cir- 
cumstance that tends to retard that expansion has the 
effect of maintaining the amount of the pressure at a 
higher magnitude. 

Thus also is accounted for the very great value of the 
pressure found by Count Rumford — viz., 40,000 atmos- 
pheres. I propose to show presently that the value 
of this pressure has not been over-estimated by him. 

To explain this point more fully, it is very well 
known that when an elastic fluid is suddenly allowed 
to expand, so as to occupy a considerably larger space, 
its temperature at the same time falls, and therefore the 
pressure of the fluid is reduced more than it would have 
been, if, after occupying the larger space, its tempera- 
ture had remained the same as originally. But the 
method by which Hutton and Robins have investiga- 
ted the velocity of a ball moving in a cannon takes no 
account of this change of pressure as consequent upon 
the change of temperature, and is therefore unable to ex- 
plain philosophically the increased tension of the elastic 
fluid, when the resistance to its expansion is increased. 

It has been already remarked, that the recognized 

theory supposes the ball to be projected from a cannon 

simply by the pressure of the elastic fluid ; or that the 

. conversion of the powder into the fluid has no special 

' 
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action on the ball. This theory was probably put 
forward by its distinguished authors, not as repre- 
senting correctly the actual process that takes place in 
the firing of powder, but as an approximation to the 
truth ; for when we consider the violent nature of the 
action that takes place in the conversion of the powder 
into an elastic fluid, it seems highly improbable that 
this act of conversion should have no effect in moving 
the shot. It was probably thought by Robins and 
Hutton that this effect, if there were any, might be 
taken into account by assigning a larger value to the 
initial pressure of the gas. This is true to a certain ex- 
tent with guns of the ordinary lengths, but when we 
apply the formula to mortars, the results given by it 
differ very widely from the truth. Indeed, the high 
velocities given to heavy shells, when discharged from 
mortars, cannot be explained on the ordinary principles, 
without assigning a very large value indeed to the 
initial force of the powder. 

These considerations, in connection with the result of 
a long series of experiments, carried on by myself, in 
different branches of artillery, caused me to suspect that 
there must be something in the initial action of powder 
different from that usually supposed — ^in fact, that the 
ball begins to move in a cannon with Vi finite velocity, 
or that the initial action of the powder on the ball is 
impulsive. This being a conclusion opposed to the 
established views, I devised an experiment that should 
settle the question of impulse^ or pressure beyond all 

♦ Impulse is not, perhaps, & strictly accurate term, but is used here for 
want of a better word. It is employed, in this case, to remark the distino- 
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dispute. For this purpose I had an apparatus con- 
structed, of which the annexed diagram represents a 
section. A B C D is a block of gun metal, in the upper 
part of which is a cavity E 
From E proceeds a canal E F 
G, of small bore, terminating at 
G in a touch-hole. The cavity E, 
and the canal E F G, as above, 
being filled with powder, a cast- 
iron ball H, turned accurately 
spherical, is placed upon E, and 
the powder fired at G by a faze. 
In this apparatus a charge of 
powder of 1 dr. only was used, 
and a ball of 4 lbs. weight, and 
the ball was driven up to a 
height of about 5 feet 6 inches. 
With a chamber of twice the 
depth, and holding 2 drs., the 
ball was driven up to about 
double the height ; and when a 
wooden ball of the same diame- 
ter was placed upon the cham- 
ber containing 1 dr., it was 
driven up to a height of about 
30 feet; but the resistance of 
the air in the latter case must 
have been appreciable. 

tion between the real action of the powder and the supposed action of 
pressure. Pressure would imply that the elastic fluid exerts a continu m 
force, arising solely from the elasticity of the fluid, and varying in pro- 
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If the only force in the previous experiment had been 
the pressure of the elastic fluid, the ball would simply 
have been raised a sufficient height to admit of the es- 
cape of the fluid, and would have dropped back to its place 
without rising to any great height. This was the result 
anticipated by those Mends interested in the subject of 
gunnery to whom I mentioned my views and my propos- 
ed experiment ; and the very different result of the exper- 
iment shows the revolution that will be produced in the 
theory of gunnery, when these views are recognized. 

The same experiment can be made under a form so 
simple as to admit of being performed by any person 
interested in the subject. If a pistol be taken, of which 
the barrel unscrews, and the barrel be taken off*, and 
the chamber filled with powder, and the bullet placed 
thereon ; then, on firing the pistol, the bullet ascends 
several feet, although there is no length of barrel through 
which the pressure of the elastic fluid could act. 

In the experiment described above, when the ball 
was rested at a height of '|th of an inch from the 
powder (see wood-cut), it was scarcely moved by the 
explosion of the powder. When the shot was placed 
close to the powder, but. not touching it, it was driven 
upward about six inches. 

portion to the spaces occupied by it ; but by tlie word impulse I wish to 
convey the idea that the initial action of the powder is more like a sudden 
blow, and that its continried force is chiefly in consequence of the gradual 
conversion of the powder into an elastic fluid. The great force displayed 
by gunpowder arises, not so much from the elasticity of the fluid which is 
generated by its combustion, as from the actual rapidity of its combustion 
— ^its explowoe force, in fact ; which force, incredible as it may appear, has 
never been taken into consideration — in estimating the initial velocities of 
shot, etc., — in any work on gunnery extant. 
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The inevitable conclusion from the experiment I 
have described is, that at the 
instant of explosion, the force 
of the confined fluid is so great 
that it requires no appreciable 
time to impart a finite veloci- 
ty to a heavy ball ; which is 
the characteristic of impvlsive 
forces. 

K the space behind the ball, 
instead of a charge of pow- 
der, were occupied by a fluid of the elasticity, and 
heated to the temperature, of the gas of fired gun- 
powder, the results would be very diflferent ; for in this 
case no finite velocity would be acquired by the ball 
at the first instant of its motion, and the initial pressure 
being the same in all cases, might then be compared to 
atmospheric pressure. It is, however, useless to attempt 
to compare a force so great, and sd different in its na- 
ture from ordinary pressure, as that of fired gunpowder, 
with a finite pressure such as that of the atmosphere ; 
and when experiments have been made specially with 
this view, the shorter the time during which the force 
of the gas has acted, and the more confined the powder, 
the greater has been the estimate of the' force ob- 
tained; as is shown in the case of Count Rumford's 
experiment. 

It appears, then, that the action of a charge in a can- 
non may be considered as of a compound character : con- 
sisting, firstly, of an impulse, which causes the ball to 
begin to move with a finite velocity ; and secondly, of 
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the pressure of the fluid generated from the powder ; 
the latter of which only has hitherto been considered 
by writers on the subject of gunnery. The pressure 
will be continually augmented by the generation of 
fresh elastic fluid as the more perfect combustion of the 
powder takes place, until the whole is completely con- 
sumed ; and when this is the case, the pressure of the 
fluid diminishes rapidly as it expands, and but little 
advantage is gained by giving greater length to the gun 
than is required to secure the complete combustion of 
the powder. Up to a certain quantity (peculiar to the 
bore of the gun, and the quality of the powder used), 
the whole of the charge may be ignited before the shot 
is sensibly moved; although j!?^<5^<(%wiAt^<w>7i (except 
of a comparatively small quantity) may not take place. 

This theory will enable us to account for many facts 
indicated by practice and experiment, which have hither- 
to been very imperfectly explained. It is very well 
known that large charges of powder do not fire instanta- 
neously; for a charge may be increased to such an 
extent that many of the grains will be driven out unfirei 
Also, that some kinds of powder ignite much more 
readily than others. 

Now, supposing the action of powder to be such as I 
have just stated, it is clear that the initial impulse will 
be greater with a quick-burning powder, than with a 
less explosive kind. Thus is explained the result in- 
dicated by the valuable experiments of Major Mordecai, 
that quick-burning powder gave a higher velocity to a 
ball when fired from a mortar {Experirnenta on Own- 
powder^ p. 307); but slo^-buming powders we^e 
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preferable when a cannon was used. The old theory 
gave no explanation of this difference. 

It also follows that every cause which retards the ig- 
nition of the powder — such, for instance, as mixing saw- 
dust or lime with it, using gunpowder not granulated, 
or placing the powder in a chamber of suitable form — 
will diminish the initial impulse, and, of course, increase 
the subsequent effect of the powder. Hence, again, the 
more slowly the powder bums, the greater is the length 
of bore required to allow of its complete combustion. 
In illustration of this, we may notice that the Affghans, 
and other tribes in India who manufacture their own 
powder, use small arms of very great length. All guns, 
too, in the infancy of artillery, were much longer than 
at present, and much weaker at the breech, as may be 
seen in the case of the old guns at Dover, at Wool- 
wich Arsenal, and St. James's Park. 

Robins gives an account of some experiments made 
with the long gun still to be seen at Dover, by Eldred, 
who was master-gunner at Dover in 1646, and wrote a 
book called The Gunner^ s Glasse^ which is one of the 
earliest English treatises on gunnery. This gun carries 
a 10-lb. shot, and its length is about 65 calibres. 
Eldred fired this gun several times with a charge of 18 
lbs. of powder, and the range of the ball was 1200 yards, 
at an elevation of 2°, and 2000 when the elevation was 
4|-°. This is a much larger charge than it would be 
safe to employ with the powder now in use in the Eng- 
lish service, and the range obtained is also greater than 
it would be possible to obtain with this gun by using a 
safe charge of the regulation powder. 
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This experiment agrees with the fact well known to 
those who are familiar with the practice of gunnery, 
that for some services the effect of powder is improved 
by mixing with it lime or sawdust, so as to diminish 
the rapidity of its ignition ; and also suggests that this 
practice might with advantage be more extensively pur- 
sued. On the other hand, in a few experiments where 
a charge of some of the fulminating powders, which 
ignite with extreme rapidity, has been used, the effect 
has been to burst the gun, while the ball is projected 
but a very short distance. This experiment was made 
by Count Rumford, and subsequently by Gen. Piobert. 
Gun-cotton has an effect, when used in guns, interme- 
diate to those of fulminating powder and gunpowder. 

These examples are sufficient to demonstrate the great 
importance of attending to the quality of the powder 
used, having regard to the service to which it is intended. 
As remarked already, the old theory of the action of 
gunpowder took no account of this difference in the 
action of different kinds of powder. 

Having thus noticed the effects of using various kinds 
of powder, I proceed to the consideration of the change 
in the action of powder consequent on using larger guns, 
and proportionately larger charges of powder. 

I have already stated that it has been long known as 
the result of observation, that large guns require a much 
smaller comparative length than small ones, in order to 
give the same velocity to a ball ; also that they require 
to be made much stronger in proportion at the breech. 
These facts are in direct opposition to the conclusions 
from the old theory, and have never, so far as I know, 
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been satisfactorily explained upon sound theoretical 
principles. 

These facts, together with the great tendency of large 
guns to burst, as well as the results of some experiments 
of my own, suggested to me that there must be a much 
greater increase of pressure when large charges of 
powder are used than had been hitherto supposed; 
more particularly at the instant of ignition. 

It has been customary to attribute the increased effect 
of large charges of powder to the greater heat attending 
the explosion ; but this seems an inadequate cause, even if 
the supposition of the greater heat be correct. In order 
to ascertain the initial effect of using a large charge of 
powder, I repeated the experiment described at pp. 131, 
132, with apparatus of exactly double the size in all 
directions, so that the weights of the ball and of the 
powder were eight times those used in the former case. 
The result was, that the larger shot of 6 inches diameter 
was driven to a height about donhle that to which the 
smaller rose; that is to say, to a height of about 11 
feet. 

These experiments have since been repeated in the 
Royal Arsenal at Woolwich, in presence of the sub- 
committee appointed for the purpose. 

From the nature of the experiment, the whole effect 
is produced by the initial action of the powder, the 
subsequent expansion of the fluid having no effect on 
the ball (for neither shot was moved when placed one- 
eighth of an inch from the powder). The chamber 
which contained the larger charge exhibited a very 
different appearance, after the discharge, to that of the 
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smaller ; the former showing unmistakable signs of the 
greater increase in the force of the powder. When the 
larger shot was placed upon the smaDer chamber it was 
projected to a height of about six inches, the chamber 
after the explosion showing no signs of a greater force 
having been exerted upon it than when the smaller shot 
was placed upon it ; also, when the smaller shot was 
placed upon the larger chamber, it was propelled to a 
height of quite seventy or eighty feet, the state of the 
chamber after the explosion giving evidence that as 
great a force (or very nearly so) had been exerted upon 
it, as when the larger shot was fired from it. Hence 
it follows that the initM impulse of the powder on 
the ball is greater in proportion when a large charge 
is used than with a small one. My experiments seem 
to indicate that, within certain limits, the initial velocity 

imparted to the ball varies as ^' where w is the weight 

of the powder, and -m/ the weight of the ball. 

This greater impulse is easily accounted for, since the 
quantity of the powder, and consequently of the gas 
generated, is as the cube of the calibre, while the space 
to be traversed by the flame is only as the first power ; 
and, therefore, the quantity of powder ignited in the 
same proportionate time will be much greater in pro- 
portion. It is remarkable that this circumstance, which 
at once aifords a simple explanation of the greater com- 
parative force of the charge of powder in larger guns, 
and puts aside all the vague hypotheses which have 
hitherto obtained respecting the greater heat generated 
by the combustion of powder in larger quantities, hhs 
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neoer yet been noticed. The fact that in my experiments 
the ball was placed in the chamber so as to be propelled 
in a vertical direction, does not affect the initial velocity 
of the baU. If any proof of this were required, it would 
be supplied by the statement of Captain Boxer, in his 
Treatise on Artidery (p. 79), that from experiments 
made at Metz, in 1840, with the ballistic pendulum, it 
appears that the inclination of the bore of the gun does 
not affect the initial velocity. 

Since, then, the powder, in large charges, ignites much 
more rapidly than in small, supposing that the charges 
of powder are of the same kind and placed in similar 
circumstances as regards the form of the chamber, it 
follows that the whole of the powder will be consumed 
in a shorter proportionate time, when the gun is large, 
than when it is smaller, and therefore a shorter propor- 
tionate length will be required in the bore, to give 
the same velocity to a ball. 

Again : since the impulse on the ignition of the powder 
in a large gun is greater in proportion than in a smaller 
one, the large gun must be made of greater proportionate 
strength at the breech, in order to resist the force of the 
explosion. 

Supposing that the impulse were simply proportional 
to the amount of the powder, it would suffice to make 
the thickness of the gun at the breech proportional to 
the calibre; but, as we have seen that the impulse 
increases in a higher ratio, the thickness of the gun 
must als6 increase in a higher ratio. This is well known 
to be the case in practice. 

Prom this it is seen that the shorter comparative 
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length, and the greater comparative strength at the 
breech, required for large guns than for smaller ones, 
are both consequences of the different action of the 
powder when used in larger quantities. 

Some writers (Captain Blakely amongst others) have 
attempted to show that the greater liability of large 
guns to burst arises fi'om their being subject to a severe 
strain for a longer time than short ones.* It is argued 

♦ In an article in the Mechanics* Magazine of 26th September, 185Y, " On 
Improvements in Ordnance," by Captain Blakely, R. A., are the following 
remarks : ^* Large gnns require more strength than small ones, as the pow- 
der occupying in each the same proportional space, the small shot moves 
in, say, aiuth of a second, a certain number of inches, the large shot in the 
same time moving fewer inches; so that at the end of that time, the gas in 
the small gun would have much more proportional room to expand in, and 
would therefore press less on the gun than in the larger one. Added to 
this, the large shot would require more time to get its velocity, and the 
pressure must remain on the gun so much longer." 

The views embodied in the above extract agree perfectly with the ordi- 
nary theory, but are quite contrary to my experiments. According to 
those views, a greater pressure is first exerted upon guns of large size after 
the shot has commenced moving ; whereas it has been shown by my ex- 
periments that a greater proportionate strain takes place at the first instant 
of the explosion. In the former case, the breech end, or seat of the explo- 
sion — and, indeed, all the relative parts — in large guns, would require to be 
of the same proportionate strength only as those of smaller calibre. In 
the latter case, it would have to be of a greater proportionate strength. 

With regard to the theory that larger guns would require strengthening 
because the pressure (supposed in each case the same) of proportionate 
charges of powder acts for a longer time upon large guns than upon small, 
we have no evidence to show that a metal so slightly elastic as cast iron 
will resist a pressure which will cause it to break when the pressure is 
continued for a longer time. 

Captain Blakely appears to have overlooked the fact that small guns are 
submitted to a much severer test in the proof than large guns — the proof 
charge of a 9-pounder, for instance, being 9 lbs. of powder, or three times 
the service charge — whilst that of a 68-pounder, 112 cwt. gun, is 30 lbs., 
or one-half more only than the service charge. Supposing, therefore, that 
Captain Blakely's (or the ordinary) theory of pressure were correct, large 
guns would never, under any circumstances, be subject to the strain which 
small guns suffer in the proof. 
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that the large ball begins to move more slowly than 
the small one, and that consequently a strain is exerted 
for a longer time on the larger gun ; but it is seen from 
the result of my experiments, that the larger ball 
actually begins to move more rapidly than the small 
one, and therefore the large gun is subjected to the 
strain for a shorter, instead of a longer time ; but so 
greatly does this strain increase with the size of the gun 
— from the actual increase in the initial pressure — ^that 
it is a matter for inquiry how it is that large guns are 
able to resist the force of the explosion at all, rather 
than why they burst 

Thus we see how readily the theory of the action of 
gunpowder here put forward explains and reconciles 
experimental facts hitherto at variance with theory.* 

* It was attempted to account for the greater height to which the larger 
shot was driven in my experiments by the supposition that the fluid of the 
exploded powder continued to act upon the shot after it was in motion. 
If this were the case it must have done so for a very short distance, for (as 
I have explained) when either shot was placed Jth of an inch only from the 
chamber, the charge failed to move it. But allowing that the fluid acted 
in this manner, it must have exerted the same influence on both shot, and 
explains in no way why the larger shot was driven to double the height 
of the smaller : on the contrary, if any thing, it would influence the smaller 
(supposing the initial force of the powder the same in both instances) in a 
higher degree than the larger ; its surface, as compared with its weight, 
being greater. 

Putting aside the futility of an argument which would tend to show that 
a heavy body in motion could receive a considerable accession of velocity 
from the pressure of a fluid which is allowed freely to expand in the open 
air ; the fact that the larger shot, when placed nearly on the powder, that is 
to say, in a position is^d part of an inch only further from the charge than 
when it rested on the chamber, received a velocity which drove it up one 
foot only, proves, by the second law of motion, that the ball must have 
received its whole impulse (minus that which would drive it up one foot) 
in the space of Ad of an inch, which is sufficient evidence that the force is 
an impulsive one. 

It was asserted that there was no proof that large guns were required to 
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The theory now advanced, that the initial action of 
powder upon a projectile is vmpulsive^ instead of being 
that of ordinary pressure, has scarcely even been hinted 
at by any writers on the subject of gunnery. They 
have all, with one or two exceptions, supposed that the 
whole action of powder is that which is due alone to 
the expansive powder of the generated gas ; although 
admitting that tbf re is a good deal of obscurity about 
the action of powder on this supposition, as well as that 
there are some facts extremely difficult to explain. 
' Gen. Piobert in his treatise {Cowra d^Artmerie^ 
p. 48) relates an experiment made in 1826 by Gen. 
Pelletier. Several pounds (4) of powder were spread 
on a light wooden table, which was placed upon soft 
earth ; the powder, being inflamed, caused only a slight 
depression of the table ; but when the experiment was 
varied by placing a sheet of paper over the powder, the 
table was shattered to atoms. Piobert concludes from 
this experiment that the action of the powder is a press- 
ure which increases with any resistance opposed to it ; 
but the experiment, on the contrary, proves that the ini- 
tial action is invpulsi/oe^ since it would have required but 
a very moderate pr^«9t^/*^ to remove the paper — ^a press- 
ure, in fact, that would have exercised no injurious 
eflfects on the table. 

be of less length (in calibres) than small ones. But the correctness of my 
theory, that the same comparative charges, when fired in guns of various 
calibres, must be converted into fluid much more rapidly in large guns 
than in small, was admitted : whether, therefore, the initial action of the 
powder be that of an impulse or a pressure, it must necessarily be admitted 
that it is stranger in large guns. It follows, therefore, as the shot must 
receive a given velocity, in either case, in a comparatively shorter space 
with large guns than with small, that the former wiQ require to be of a 
fewer number of calibres in length than the latter. 
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I mentioned that there were one or two writers who 
had ventured to oflfer different opinions fipom those usu- 
ally entertained respecting the initial action of powder 
One of those writers, Count Eumford, assigns a very 
large value to the initial force of fired gunpowder, and 
a veiy small value to the elasticity of the fluid. He 
supposes that this great initial force consists in the tem- 
porary action of a fluid not permanently elastic. At 
p. 232, vol. 87, Phil. Trans.^ he has these remarks: 
" There is no doubt that the permanently elastic fluids 
generated in the combustion of gunpowder assist in 
producing those effects which result from its explosion ; 
but it will be found, I believe, upon ascertaining the 
real expansive force of fired gunpowder, that this cause 
alone is quite inadequate to the effects actually produ- 
ced; and that, therefore, the agency of some other 
power must necessarily be called to its assistance," 
Count Eumford, however, made no attempt to apply 
this practically. 

The second of these writers, Capt. Boxer, in his 
Lectv/res on the Science of Gwfmery^ printed in 1854, 
remarking upon Count Eumford's experiment for ascer- 
taining the force of fired gunpowder, observes, " that the 
effect there produced is not merely that of an ordinary 
pressure steadily applied ; but rather the effect which 
would result from a body in motion coming in contact 
with a body at rest ; or, in other words, be similar to a 
blow." 

In Capt. Boxer's Treatise of ArtiUery^ which was 
published two years later, he, too, fails to apply this in 
any way to the theory of gunnery, or the construction 
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of cannon, for lie supposes, with other writers, that the 
initial force of the powder upon the shot is the same in 
all cases : and in all the formulae there collected, given 
for ascertaining the velocities of shot, the action of the 
fired gunpowder upon the shot is assumed to be that of 
pressure^ or that which is due to the elasticity of the 
fluid alone ; an assumption which is totally at variance 
with his previous remark on Count Rumford's experi- 
ment ; unless, by some extraordinary train of reasoning, 
he supposes that the powder acts with an impulsive 
force on the sides of the chamber in which 'it is com- 
pletely confined, but not upon a shot placed before the 
powder in the chamber of a gun. 

All the experiments hitherto made with cannon have 
failed to show the initial action of the powder, because 
they gave the result of the total action, without distin- 
guishing the initial from the subsequent action. 

The experiments of Capt. Dahlgren, of the United 
States Navy, showed that a greater strength was requir- 
ed at the breech with large guns than was previously 
supposed, and that the requisite strength diminished 
rapidly from the breech to the muzzle. 

These experiments, of which no detailed account has 
been published, were made by boring a series of holets 
in a 68-pounder gun, perpendicular to its length. All 
of these holes being plugged, with the exception of one, 
a bullet was placed in this, and the cannon fired in the 
ordinary way. The velocity with which the bullet 
issued being determined by the ballistic pendulum, indi- 
cated the pressure of the gas in the bore of the cannon 
at that point of its length, and, consequent^, the thick- 
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ness of the gun necessary to resist that pressure. These 
experiments showed a much greater pressure at the 
breech than had been previously supposed, and the 
Americans have constructed guns of the figure thus in- 
dicated. This perfectly agrees with the theory of the 
action of powder here laid down, but it would not have 
been possible to deduce the theory from these experi- 
ments alone. 

To recapitulate the conclusions to which my experi- 
ments point, and which have never been put forward 
previously : 

First. The initial action, when a charge of powder is 
fired in a gun, is an impulse* which causes the ball to 
commence moving at once with a finite velocity. 

Secondly. When the charge of powder is increased, 
this impulse increases in a higher ratio than that of the 
increase in the quantity of powder; and, consequently, 
the subsequent action of the powder is comparatively 
diminished. 

This circumstance, which, strange to say, has escaped 
the observation of even the most eminent writers and 

9 

experimentalists, is due to the fact of the gradual con- 
version of the powder into an elastic fluid.f 
•Instead, therefore, of a finite pressure of so many 

* Subsequent investigation showed me (as I have remarked) that Count 
Bumford and Captain Boxer had hazarded similar conjectures, although 
neither appears to have been aware of the important consequences which 
would follow any proof of the incorrectness of the ordinary theory of 
pressure, and therefore made no attempt at any practical application of 
their ideas. 

. t The question whether the whole of a charge of powder is fired^ before 

the shot is moved, was determined in the year 1742 by a Committee of the 

Royal Society, formed, at the suggestion of Dr. Jurin, for the purpose of 

making some experiments in connection with this subject. The results, 

10 
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atmospheres, as supposed in the formulsB at present in 
use, we find that powder exerts a force of a totally dif- 
ferent character. It would, in fact, be as correct to esti- 
mate the force of impact of the ball itself, at so many 
atmospheres. We find, also, that a portion only of the 
force of each charge is exerted before the shot is moved^ 
and that this portion increases in a certain ratio with 
the calibre of the gun.* 

These propositions will not only explain, as I have 
shown, many experimental facts hitherto thought anom- 
alous, but will produce many changes, amounting almost 
to a revolution, in the construction of cannon and the 
use of powder. 

In addition to the facts already mentioned, the fot 
lowing may supply illustrations of the value and im- 
portance of the knowledge of the true action of gun- 
powder : 

In the first place, it will be seen, by consulting the 
tables of the ranges of shot and shells in various books 
on gunnery, that mortars of different calibres, fired with 
proportional charges of powder, will project their shells 

which proved that the whole of the charge was not fired, may he seen in 
vol. 42, p. 172, of the Philosophical Tramactions. 

That these results were not turned to practical account, prohahly arose 
from the defective state of- the theory of the action of powder; and it was, 
no doubt, imagined that the effect produced by the gradual ignition of the 
powder, was proportional in guns of all calibres. 

* Hence, we may account for the difference of opinion which has existed 
respecting the initial force of fired gunpowder. Robins, who experimented 
with a musket with a bore less than an inch in diameter, estimated the first 
pressure at 1000 atmospheres ; Hutton, whose experiments were conducted 
with cannon of the smallest calibre — somewhat under two inches — consid- 
ered it equal to 2000 atmospheres (Hutton's Tracts^ vol. 3, p. 302) ; whilst 
Count Rumford, who confined the powder completely, estimated it, at leasts 
at 40,000 atmospheres. 
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to distances wMcli vary nearly as their calibres ; whilst 
cannon of different calibres project their shot to dis- 
tances which vary nearly as the aqua/re root of their 
calibres. 

No existing theory affords the least explanation of 
this circumstance, nor have I seen it noticed in any work 
on gunnery ; it is, however, easily explained by the help 
of the conclusions first stated. It is seen that the action 
of the powder on a shell fired from a mortar is limited 
almost entirely to its initial action, in consequence of 
the shortness of mortars. Now it is proved by my ex- 
periments that this initial force increases in a higher 
ratio than the weight of the powder, and, therefore, 
shells discharged from large mortars will have a higher 
velocity than those from small mortars. On the other 
hand, in cannon, the whole action of the powder is to be 
considered, and there is no reason to think that this 
total action, as distinguished from the initial, increases 
in a ratio very different from that of the weight of the 
powder, so that the velocities of baUs fired from cannon 
of the ordinary length (with proportional charges) will 
be nearly the same. 

Thus the ranges of the balls will not increase so rap- 
idly as those of the shells. 

One of the chief errors which will be exploded by a 
recognition of this theory, is that which has hitherto 
existed with regard to the initial effect of the charge of 
powder upon the gun. We now see that this becomes 
relatively greater in a ratio, which can be determined 
by experiment ; and alsd, as the gun is increased in cal- 
ibre, that the shot is moved from its place with a greater 
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rapidity ; and therefore the strain upon the breech of 
the gun increases progressively with the calibre. 

Hence, a 68-pounder gun, fired with the service charge 
of powder, i. e.j a third of the weight of the shot, will 
have nearly the same strain upon the breech end (sup- 
posing the powder to be all of the same quality) that a 
9-pounder gun (which has a bore of half the diameter) 
would experience were the proof charge continually 
used : so that, in fact, a 9-pounder, of similar proportions 
to a 68-pounder gun, has, relatively, at least double the 
strength at the breech end ; or twice the power of resist- 
ing the first strain, caused by the discharge before the 
shot is moved. We need scarcely wonder, then, at the 
Jiability of large guns to burst. It shows how fallacious 
have been the opinions respecting the relative strength 
of cast-iron guns. 

The accompanying figures will serve to illustrate the 
proportionate increase in the' strength and length* 
required for the guns of various calibres. 

Some idea may be formed of the force exerted upon 

* Since it appears that the rapidity with which shot of different diameters 
are first moved, when fired with proportionate charges, is in the ratio of 
the square root of the calibre, we may reasonably infer that the length (in 
calibres) of guns of different calibres should vary nearly in the same ratio. 
For example: at page 126 (note) I have given an extract from Mfgor Morde- 
oai's " jE'rpmwe^ife," showing the different velocities acquired by a 24-lb. 
shot, and a musket bullet, when fired with proportionate charges of pow- 
der. Here the diameter of the 24-pounder gun was 5*82 inches, that of the 
musket 0*69 inches ; the former being rather more than eight times the di- 
ameter of the latter. If, therefore, we multiply the length (in calibres) of 
the 24-pounder gun (18*5) by 2*82 (the square root of 8), it will give more 
than fifty calibres — the length required for the musket, in order to give the • 
bullet the same initial velocity as the 24-lb. shot. In the instance given at 
page 126, it will be seen how very nearly this approaches to the truth — the 
large shot acquiring, indeed, rather a higher velocity than the bullet* 
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Fig. 1. Diameter of Bore, 8 inches. Length of Bore, SScallhretb 




Fig. 2. Diameter of Bore, 6 inches. Length of Bore, 17*75 calibreflb 




Fig. & Diameter of Bore, 12 inches. Length of Bore, 12'76 calibres. 



the gun by the powder, before the shot is moved, as 
compared with that which is subsequently exerted upon 
it, from an experiment which I made for the purpose of 
ascertaining the proportion which the initial force of the 
charge of powder upon the shot bore to its whole force. 
I caused a tube, three inches long (the diameter of the 
smaller ball in the former experiment), to be screwed 
tightly on to the block of gun-metal in which the cham- 
ber, containing one drachm of powder, was formed. 
The cubic content of this tube was 280 times great- 
er than that of the chamber. Upon firing the charge 
of one drachm, the ball was driven to the height of 
about 80 feet, or about six times the height to 
which it was driven without the tube. Upon em- 
ploying a tube of rather more than 2 feet in length 
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(the cubic content of whicli was 2000 times greater 
than that of the chamber containing the powder), the 
difference caused by the use of a longer tube was scarce- 
ly perceptible. The initial force, therefore, in this in- 
stance, appeared to be to the whole force nearly in the 
ratio of 1 to |/y; the resistance of the air, in either case, 
being scarcely appreciable. 

In these instances the whole force of the powder, ex- 
cepting that which escaped by the windage, acted upon 
the shot ; the size of the tube being in such proportion 
to the size of the chamber as to allow of this. When 
we consider that the tube, or bore, of a cannon is rarely 
more than eight or ten times the size of the part occu- 
pied by the powder, it may be imagined how large a 
proportion the initial force of the charge of powder in 
a gun must bear to the whole force. 

Several facts which have remained altogether un- 
known, or respecting which vague hypotheses only have 
been formed — such as the first movement of a shot when 
the charge of powder is ignited — ^the initial effect of 
various charges in the same gun — ^both upon the gun 
and upon the shot — ^with many other circumstances of 
greater or less importance, may now be clearly ascer- 
tained, and the knowledge thus acquired applied to the 
construction of guns, so that they may be made in 
future in a manner which, while economizing the metal, 
will preclude the possibility of their bursting from any 
other cause than defects in the metal itself. 

Another important practical fact may also be deduced 
from this new theory, namely, that when the form or 
make of guns of different calibres is constant, the quaUty 
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of tJie powder — ^to give the shot equal velocities — must 
vary according to the calibre of the guns ; and, when 
the quality of the powder is constant, the form cmd 
proportions of gvms must vary with the calibre. 

It would be out of place here to attempt a mathemati- 
cal investigation of the fiill effects of this action of gun- 
powder, now for the first time pointed out. I may 
notice, however, that in place of the formulae given by 
Hutton and Robins for the velocity of a ball issuing 
from a cannon, viz.: '^ ^ '^^m.nad^ ^ j^ib_^ where b is 
the length of the bore, and a, the length occupied by the 
charge of powder, we shall have the following, v^=Y^+ 
"^^^J ^ Xhg-^ where V is the velocity with which 
the ball begins to move, and is to be determined by 
experiment for each particular kind of powder, and 
for each charge. A sufficient number of experiments 
would enable us to assign an empirical formula for V, 
which will probably vary inversely as w (the weight of 
the shot) as in the formula I have already suggested. 

All the experiments which I have as yet made indi- 
cate that V does not increase in proportion to the weight 
of the powder used, but in a higher proportion. The 
quantity nf in the formula must depend for its value 
partly on that of V, being smaller, as V is larger, so 
that V will be a function of the weight of the powder 

used, or rather of the fraction — , ii/ being the weight of 

the powder, and w of the shot. 

Before concluding this subject, there is a circumstance 
attending the firing of several balls from the same gun 
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to whicli I would particularly call attention, as it bears 
both upon the question of the complete ignition of the 
charge before the shot is moved from its place, and upon 
the nature of the action of gunpowder generally. 

When Kobins wished to prove beyond a doubt his 
principle, that the whole of the charge was converted 
into an elastic fluid before the shot was sensibly moved 
from its place, he made the experiment of placing two 
or three bullets .in the same gun, instead of one, firing 
them with the same charge of powder with which he 
had already fired the single baU. 

He observes {New Principles of Gunnery^ p. 80) : 
" I considered that if a part only of the powder is fired, 
and that successively, then, by laying a greater weight 
before the charge (suppose two or three bullets instead 
of one), a greater quantity of powder would be neces- 
sarily fired, since a heavier weight would be a longer 
time in passing through the barrel Whence it should 
follow that two or three bullets would be impelled by 
a much greater force than one only. But the contrary 
to this appears by experiment ; by firing one, two, or 
three bullets laid contiguous to each other, with the 
same charge respectively, I have foimd that their ve- 
locities are not much different from the reciprocal of the 
sub-duplicate of their quantities of matter. * * ♦ 
From hence it appears, that, whether the piece be 
loaded with a greater or less weight of bullet, the 
action of the powder is nearly the same; since all 
mathematicians know, that if bodies containing different 
quantities of matter are successively impelled through 
the same space by the same power, acting with a de* 
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termined force at each point of that space, then the 
velocities given to those diflferent bodies will be recipro- 
cally in the sub-duplicate ratio of their quantities of 
matter. * * * If the common opinion was true, that 
a small part only of the powder fires at first, and other 
parts of it successively, as the bullet passes through the 
barrel, and that a considerable part of it is often blown 
out of the piece without firing at all, then the velocity, 
which three bullets received from the explosion, ought 
to have been much greater than we have ever found it 
to be ; since the time of the passage of three bullets 
through the barrel being nearly double the time in 
which one passes, it should happen, according to this 
vulgar supposition, that in a double time a much greater 
quantity of the powder should be fired, and, consequent- 
ly, a greater force should have been produced than what 
acted on the single bullet only, contrary to all ex- 
periments."* 

Now if the existing theory of the action of gunpowder 
(that it acts by pressv/re) is correct, Robins is right in 
his conclusion, and the whole of the charge must under- 



* Bobins farther observes, that although, in general, the velocities were 
reciprocally in the sub-duplicate ratio of the number of bullets, yet they 
were sometimes greater ; but never more (when three bullets were fired) 
than one-eighth of the whole. If the reader will turn to the third paragraph 
at page 128, he will see how closely this agrees with Piobert's experiments. 
Robins, however, differs from Piobert in his manner of accounting for the 
excess of velocity ; instead of ascribing it (as Piobert does) to the increased 
tension of the elastic fluid, he supposes that the flame, escaping by the 
windage, past the first bullet, acts upon those beyond it. 

A series of ballistic pendulum experiments, with elongated projectiles, 
would throw considerable light on this question ; and I believe it will be 
found that the explanation which I have given at p. 129 is the correct 
one^ 

n* 
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go perfect combustion before the shot is moved ; but 
if, as we know to be the case by experiment, the whole 
of the charge is Tiot consumed before the shot is moved, 
Robins's conclusions, as well as the present theory of 
pressure, must be erroneous. If, however, we accept 
the fact that the first action of fired powder is i/m^yulswej 
we have a solution of the whole question, as in that 
case the whole of the powder need not necessarily be 
consumed before the shot is moved. The relative 
velocities acquired by the balls may also be easily 
accounted for, since it is clear that the whole force of a 
charge of powder (in a gun of a length sufficient to in- 
sure the perfect combustion of the charge) can neither 
be increased nor diminished by altering the weight of 
the object to be moved ;• although the manner of its 
action will vary with the form of the chamber, or the 
manner in which the charge is placed therein. 

In another experiment of Robins's (New Prindplea 
cf Ounnery^ p. 116), he placed the bullet eleven inches 
from the breech of the gun, and instead of confining the 
charge in the usual manner, he scattered it behind the 
ball in as uniform a manner as he could. The result 
was, that the velocity of the ball was considerably 
diminished ; an effect which he ascribed to the " intes- 
tine motion of the flame ;" and he remarks, that " the 
accension of the powder thus distributed through a so 
much larger space than what it could fill, must have 
produced many reverberations and pulsations of the 
flame, and from these internal agitations of the fluid, 
its pressure on the containing surface will (as in the case 
of all other fluids) be considerably diminished." 
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A better explanation of this diminution of force will, 
however, be found in the theory I have put forward, as 
in this case the explosive action of the powder would be 
very much diminished in force by being scattered (as 
in Robins's experiment), owing to the slowness of its 
ignition. 

The force of a charge of powder was found (by Count 
Rumford, PhU. Tra/ns^ vol. 71. p. 277) to be weakest 
when the vent was placed at the top of the charge, i. e., 
near the ball — especially with large charges. This was 
probably owing to the fact that the first impulse of the 
powder upon the shot was weaker, on account of the 
smaller portion, which (in this case) was lighted before 
its action on the shot took place. At page 273 of the 
same volume, Count Rumford remarks that nothing can 
with certainty be determined with respect to the best 
form of chamber for pieces of ordnance, or the best situ- 
ation of the vent ; nor can the force of powder, or the 
strength that is required in diflferent parts of the gun, 
be ascertained with any degree of precision, until the 
manner of the initial action of the powder is known. 

"When we consider how very defective is the old the- 
ory of gunnery, it is remarkable that no improvements 
of an important kind have been made in it for fifty or 
sixty years. This is probably in a great measure trace- 
able to the opinion held by all military men, that the 
conclusions of Hutton and Robins are perfectly true and 
incapable of correction ; thus adding another example 
to the many already existing, of the injury that is done 
to the cause of science and truth by a blind, unreasoning 
deference to "authority." Whatever alterations have 
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taken place in the practice of gunnery and in the con- 
struction of ordnance during the last half century, may 
nearly all be traced to the difference in the quality of the 
powder at present, to that which was formerly in use ;* 
as an attentive consideration of this question will show. 

There are, at least, four elements of force to be con- 
sidered in the action of fired gunpowder, 1st. That 
which proceeds from the sudden conversion of the pow- 
der into a fluid; 2nd. The elasticity of the fluid itself; 
3rd. The expanding force of the fluid when heated to a 
certain temperature; 4th. The higher temperature 
which it retains, and also the tim^ which is allowed for 
its more complete combustion, by 'confinement. The 
powder at present in use being a much stronger and 
quicker burning powder than that which was formerly 
used, its initial action has, therefore, as regards all the 
above circumstances, a much higher value — ^its force, in 
fact, being more concentrated; whence it follows that 
the guns of the present day require to be shorter and 
stronger. 

Probably if two kinds, one a quick, and the other a 
slow burning powder, were both completely confined, 
the pressure produced by the elasticity of the fluid gen- 
erated by the latter would be as great as that produced 
by the former; although the quick-burning powder 
would exhibit a greater explosive, or fracturing force, 
owing to the more sudden exertion of its force. By 
using a quick-burning powder in gunnery, we obtain 
(from its rapidity of conversion) a greater force in a 
. smaller space. Thus, we see, in blasting, a quick-bum- 

* Appendix 0. 
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ing powder is not so effective ; since, the force of the 
charge being expended with a rapidity in proportion to 
that of the ignition of the powder, no time is allowed 
for overcoming the inertia of the substance required to 
be moved* 

Now the chief reason why gunpowder is preferable, 
as a projectile force, to all other explosive compounds, 
is because its combustion is more gradual \ and, al- 
though an extremely quick burning powder may be 
good for mortar practice, it is extremely questionable if 
it is so good for ordinary gun practice. In fact, the 
quickness of ignition may be carried, in this case, to too 
great an extent ; for it may be increased to such a degree 
that no gun would bear the strain caused by the initial 
action of the charge. 

It is hoped that these remarks will contribute, in 
some measure, to the improvement of what must be 
acknowledged to be a noble science ; but it will require 
a long and careful series of experiments to perfect the 
theory of the action of fired gunpowder. It is, however, 
confidently thought that the suggestions here made will 
indicate the proper direction for experimental inquiry, 
and lead, eventually, to most important results in the 
theory and practice of gunnery. 

* For this reason, a quick-burning powder will be the best to employ for 
shattering or bursting open the gates of a town or fortress. Piobert's e: - 
periment (page 142) suggests the idea that the effect of the explosion might 
be considerably heightened by opposing a plane surface to the action of the 
powder on the contrary side to that against which the force is directed. A 
flat iron screen, which the men might push or carry before them when plac- 
ing a bag of powder, would serve both to protect them against musketry, 
and (if it were afterwards left standing close to the powder) to increase the 
effect of the explosion. 
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[The correctness of the foregoing theory may be tested in a very 
simple and conclusive manner, by the recoil of guns. K two guns, 
constructed of similar metal, one being exactly of twice the linear 
dimensions of the other, were fired with proportionate charges of 
powder, and (in other respects) under precisely the same oircum- 
stances, the recoil would show the force expended in each gun. 
The argument, that the fiuid acted upon the shot (in my experi- 
ments) after it had left the chamber, and, therefore, that the experi- 
ment was not conclusive, could not possibly be brought forward in 
this instance ; since the fluid, after it had once escaped at the muz- 
zle, could not be supposed, even by the most inveterate quibbler, to 
act upon the gun in a manner to increase the recoil. The recoil 
would, therefore, be a very conclusive test of the relative force ex- 
erted by the powder on each gun. (I am at a loss to understand, 
by-the-way, how the argument, " that the fluid acted upon the shot 
after it had left the chamber," can be reconciled with the axiom 
laid down by Robins {New Principles of Gunnery^ Prop. 7, p. 
74), and found in all works on gunnery, that " the action of the 
powder on the haU ceases as soon as the ball is got out of the gun.^^) 
A matter of this importance is surely a worthy subject for experi- 
ment ; especially when the trouble and expense attending it would 
be so small.] 
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ON THE NATUEE OF THE ACTION OF FHIED 
GUNPOWDER 

The theory put forward in the preceding pages ap- 
pears to have been so much misunderstood, that I am 
induced to offer a few additional remarks upon it. 

It has hitherto been assumed that the initial pressure 
of the fluid against the sides of the chamber and upon 
the shot is constant in amount, and equal in all direc- 
tions ; propositions which are not borne out by experi- 
ment. 

For it is evident that when the fluid of fired gun- 
powder is excited to action by the agency of heat, a 
great commotipn must take place in the chamber of the 
gun ; and that the magnitude of the effect then produ- 
ced must mainly depend upon the number of the atoms 
of the fluid which are set in motion in a given space* 

* " All gases and yapors are assumed to consist of numerous small atoms, 
moving and vibrating in all directions with great rapiditj; but the average 
velocity of these vibrations can be estimated when the pressure and weight 
of any given volume of gas is known/ pressure being, as explained by 
Joule, the impact of those numerous small atoms striking in all directions, 
and against the sides of the vessel containing the gas. The greater the number 
of these atoms, or the greater their aggregate weight, in a given space, and 
the higher the velocity, the greater is the pressure. A double weight of a 
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and in a given time, and upon tte celerity with which 
the whole charge is affected by the heat. 

The exact nature of the action which takes place can 
only be ascertained by proper chemical analysis ; but 
whatever its nature, it is clear that there must be a cer- 
tain quantity of mechanical work performed, — that is, a 
pressure must be exerted through a certain space, — be- 
fore the fluid can exert any pressure against the sides of 
the containing chamber ; and that the value of the press- 
ure which then takes place must depend upon the quan- 
tity of work performed in a given space and time. 

The amount of force which is exerted by different 
quantities of powder in guns of different sizes appears to 
be a question of the magnitude of the pressure at a 
given time, rather than (as ordinarily supposed) of the 
time of action of a given pressure. 

In the absence of any fixed or reliable 'data concern, 
ing the chemical action which takes place during the 
combustion of a charge of powder, I offer the following 
propositions for consideration; not as affording the most 
complete or satisfactory solution of the question of the 
relative force of different charges of powder, but to ac- 
count in some manner for the fact — which I believe 
to be indisputable — that the force of powder attains a 
much higher magnitude in large guns than in small : 

Firstly, That the initial pressure of the fluid of fired 
gunpowder upon the sides of the chamber of a gun, or 

perfect gas, when confined in the same space, and vibrating with the same ve- 
locity — that is, having the same temperature — gives a double pressure ; but 
the same weight of gas, confined in the same space, will, when the atoms 
vibrate with a double velocity, give a quadruple pressure." — Encyclop. BriU 
8tA MiU^ Art, Steam. 
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upon tlie stot, is in proportion to the rdatwe a/mount of 
^ wotU dorie previouely^ or to the momentum acquired by 
the particles of fluid in passing through a gi^^n space 
— and wUl therefore vary according to the rapidity of 
combustion of the charge or quantity of fluid set in mo- 
tion in a given time, the heat, density, and velocity of 
the fluid, and the celerity with which the whole is af- 
fected by the degree of heat — before the action of the 
fluid takes place upon the sides of the chamber, or upon 
the shot 

Secondly, That the whole force of the explosion of a 
charge of powder is represented by the amount of work 
which must he done before the parUcUs of fluid can he 
brought to a state of reM. This force, therefore, can only be 
measured by the resistance which would be necessary to 
bring these particles to rest.* 

From the first of these propositions it will follow, 
that the amount of initial pressure will depend upon the 
size and form of the chamber, upon the quality and dis- 
position of the powder, the manner of its combustion, 
etc. ; and from the second, that the amount of pressure 
exerted against the sides of a containing vessel of a 
given size, during a given time, will depend upon the 
nature of the resistance which is offered to the motion 
of the fluid during that. time. Thus may be explained 
the circumstance that when powder is not free to expand, 
or is completely confined, it exhibits a force so much 

* If we suppose a quantity of the fluid brought to a state of quiescence 
in a chamber, it would then — and not till then — exert a uniform pressure 
in all directions, in proportion to its density and elasticity ; and this press- 
ure is practically considered, in all works on gunnery extant, to be the only 
force produced by fired gunpowder. 
11 
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superior to that which is assigned to it by persons who 
have formed their estimate of its force from the veloci- 
ties acquired by shot only. It is one of many circum- 
stances which admit of no reasonable explanation by the 
ordinary theory. The only doubt which at first existed 
in my mind respecting the truth of the proposition that 
an increased resistance causes a greater exhibition of 
force, arose from the circumstance that when, in my ex- 
periments, I placed a larger shot upon a small chamber, 
there was no appreciable difference in the amount of 
force produced in the charge ; but this can be explained 
by the circumstance that the initial action of the powder 
was so violent that the difference in the time required 
simply to move the larger shot was inappreciable. 

The combustion of gunpowder, although extremely 
rapid, is not instantaneous. It follows, therefore, that 
the number of particles of fluid set in motion in a given 
time must vary both with the quality of the powder 
and with the size of the' chamber. This was clearly 
shown in my former experiments, for, when the linear 
dimensions of a chamber containing powder were in- 
creased to twice the size, a shot of eight times the 
weight was moved to exactly twice the height. In this 
instance the quantity of powder ignited was eight times, 
and the distance traversed by the flame twice as great ; 
so that we may reasonably assume that the work accu- 
mulated in the charge before its action on the shot took 
place, and consequently the motion communicated to the 
shot, were comparatively much greater. 

Thus may be accounted for the different estimates 
formed by various writers of the initial force of fired 
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gunpowder ; the experiments of some having been made 
with guns of small, and those of others with guns of 
large calibres. The pressure exerted in the chambers of 
very large guns (especially when rifled, and when the 
friction produced by the first movement of the projectile 
is great) will be found, I believe, of much greater value 
than any which has yet been assigned to the initial press- 
ure of fired gunpowder, except that which was given by 
Count Rumford. 

It may naturally be asked how it happens that the 
considerable difference in the force of gunpowder which 
is exerted in the chambers of guns of different sizes, was 
never discovered before ; but this is easily explained. 
A very limited number of persons have interested 
themselves sufficiently in the question to make experi- 
ments upon it, and those who have made experiments, 
have drawn their ideas, and made their calculations, of 
the initial effect of powder upon shot, chiefly fix)m ob- 
serving the wJiole effect produced by the powder upon 
the shot when fired from guns of different calibres ; and 
not from observing the effects produced in chambers 
containing a quantity of powder only. 

Now, since the work done in the chamber of a large 
gun before the shot is sensibly moved, is relatively 
much greater than the work done in the chamber of a 
small gun, it follows that the whole time of action of 
the charge will be relatively of shorter duration ; hence 
length (in calibres) is not of the same importance in 
large, as in small guns. There are also other reasons 
why an addition to the ordinary length of large guns 
adds very little to the velocity acquired by the shot. 
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It is well known that the expansive power of the elastic 
fluid is enormously increased by the heat which attends 
the combustion of the powder ;* now, the first impulse 
given to a large shot being greater, it is moved through 
the first portion of the bore with greater rapidity, and, 
consequently, the temperature falls fnuch more rapidly 
than is the case in smaller guns, so that the quantity of 
energy lost in the same l^e is comparatively much 
greater, and the accelerating force of the powder is thus 
considerably diminished. Also, there is a greater de- 
gree of resistance at first offered to the motion of the 
fluid, and consequently a more rapid expenditure of 
force. 

Robins's experiment of placing the ball in a musket 
at some distance from the powder — ^under which cir- 
cumstances he obtained a velocity of 200 feet a second 
greater than when the ball was placed in immediate 
contiguity with the charge — may be explained by the 
circumstance, that the momentum or moving force ac- 
quired by the particles of fluid before they encounter 
the ball is much greater when the ball is placed at 
a little distance from the charge ; consequently, a higher 
velocity will be acquired by the shot in a given time. 
But the distance at which the shot can be placed from 
the charge, with increased effect, will vary with the 
length of the gun and the quantity of powder contained 
in the charge. 

* The temperature in large guns is probably heightened from the com- 
paratively greater density of the fluid in the chamber, arising from the 
more rapid and complete combustion of the powder; there is no doubt 
that the latter produces a higher velocity in the motion of the particles of 
fluid. 
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In the same manner may be explained the circum- 
stance that when (in my own experiments) I increased 
the defpik only of the chamber, and then filled it with 
powder, the same ball was driven to a much greater 
height ; the fluid acting through a greater space before 
it took effect upon the shot, time was allowed for 
the more complete combustion of the powder; and 
therefore the motion of. the fluid was considerably accel- 
erated, and the impulsive action increased. 

It is remarkable that so many persons should have 
misunderstood my meaning, when I stated that the 
first action of the powder on the shot was impulsive, or 
percussive. One gentleman has observed that I reject 
altogether the notion that the force of powder is due 
exclusively to the gas it generates, and assume an addi- 
tional impulsive force; another, that I believe powder, 
independently of the pressure exerted by its freed 
gases, exerts instantaneously a force of its own; and 
another, that I had stated that gunpowder had some 
mysterious action ; that before the gases acted upon the 
shot, there was some kind of oscillation or undulation, 
which by some means communicated an initial velocity 
to the shot irrespective of their expansive action. 

All such remarks are answered very simply, and as I 
think conclusively, for my experiments prove that the 
shot acquires a considerable velocity before it has 
moved to an appreciable distance. If the results of my 
experiments are admitted, this follows inevitably, and 
the only proper course for those who doubt my conclu- 
sion is to repeat my experiments. I feel well assured 
that after doing so, they will be forced to admit the ac- 
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curacy of my conclusions. I did not put forward any 
thing to explain the above result, for I was convinced 
that we did not know sufficient of the action that takes 
place in the conversion of the powder into vapor 
to form a theory with any reasonable prospect of its 
being supported bv further investigations. I simply 
said that the theory at present received is false, and is 
not an approximation to the truth. The theory, in fact, 
supposes that the action is the same in all respects as if 
the powder were compressed gas, which expanded in 
the usual way, and omits all notice of the chemical 
action that takes place in the conversion of the powder 
into vapor. 

However, practically, it is of so little consequence 
whether the shot be supposed to acquire its initial 
velocity instantaneously, or by the exertion of a very 
large pressure for a very short time, and through a very 
small space, as to be beneath consideration; and that 
the shot does acquire a finite velocity in a space equal 
to the small fractional part of an inch, and by the appli- 
cation of a force continued for so short a time as to be 
quite inappreciable, is shown by my own, and other 
experiments. Such a force is called, in mathematical 
language, an impulse, and this is all I have meant by 
using the term impulse. 

It was shown by my experiments, that a shot of 
twice the diameter of another (the charge of powder 
being proportional and the quality the same) acquired, 
in a space so small as to be inappreciable, a velocity 
which caused it to move through a space equal to its 
OAvn diameter in a shorter time than was required for 
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the smaller shot to pass through an equal space — a fact 
directly opposed- to all existing ideas on the subject ; 
hence the increased strain upon large guns, and the 
shorter proportionate space that large shot move 
through in acquiring a given velocity. That the time 
required to move a shot is really inappreciable, appears 
from the circumstance that when, in my experiments, 
the large shot was placed upon the smaller chamber, 
the. effect produced by the powder was no greater than 
when the smaller shot was placed there ; the weight of 
the larger shot being, in this instance, more than eight 
thousand times greater than that of the charge of 
powder; a fact which goes far to prove that a very 
much greater bursting effect is produced in a gun by an 
increased quantity of powder, than by an increase 
in the weight of the shot, provided the latter is free to 
move in the gun. It should also be noticed that when 
the smaller shot was placed on the larger chamber there 
was no appreciable difference either in the time of 
action, or in the force exerted. 

It is singular that aU who have done me the honor to 
notice my work have, without exception, overlooked 
the circumstance of the difference in the action and 
effect of powder described as taking place when the 
chambers differ in ei^. The mypvlawe action of gun- 
powder has been noticed by previous writers (already 
enumerated), but the theory respecting the difference in 
the degree of force exerted upon the sides of the cham- 
ber, before the shot is moved, when the sizes differ, is 
entirely new, and totally opposed to the received 
formuloB ; all writers, without exception, have assigned 
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a constant (but each one a different) value to the initial 
pressure upon the shot^ irrespective o£ the size of the 
chamber.* 

The form of the chamber will also make a considera- 
ble difference in the action of a charge of powder. Thus, 
a chamber may be so formed (such as being slightly- 
contracted towards the aperture) that a larger initial 
force may be obtained with a smaller quantity of pow- 
der ; but this would only be of advantage in mortars 
or extremely short guns, for the action along the bore 
is less forcible, since the actual amoimt of the whole 
force of a given quantity of powder cannot be increased, 
or, if at all, very slightly. 

It has been considered by some to be advantageous 
that the first movement of the shot in the gun should 
be retarded by increasing the friction of the shot against 
the sides of the gun ; but this is a great en^or. It is 
tnie that a larger force is obtained in a smaller space, 
but this force is expended upon the sides of the gun 
and in overcoming the friction of the shot, and in a gun 
of great length of bore a large amount of force would 
thus be altogether lost, or, what is worse, would tend to 
increase the recoil and the bursting effect upon the gun ; 
but if the length of the gun were considerably reduced 
and an equal charge fired, then the retardation of the 
shot in the gun might perhaps be productive of some 
slight advantage. 

* In B small elementary work on Artillery, by Capt. Boxer, R, A., lately 
published for the use of the Military College at Sandhurst, the author, who 
strenuously opposed the idea when first started by myself, admits the fact, 
that the initial force of the powder varies with the calibre of the gun. 
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It is a common error to suppose that the elastic fluid 
produced by the combustion of gunpowder, acts with a 
pressure which is inversely as the space occupied by it. 
The action, on the contrary, is more violent in proportion 
to the nearness to the seat of the explosion. This arises 
from the greatly diminished heat of the gases, and is 
evident from experiment, since it is shown that length is 
of much less consequence in large guns (where the initial 
action of the charge is greater) than in small. If a 
charge of powder were supposed to be completely con- 
fined in the chamber of a gun of sufficient strength to 
contain it, what would be its action ? Its force would 
rapidly increase as combustion took place until it reached 
a vfUJiwiraum^ when it would gradually diminish ; and its 
chief, or explosive^ force would then be expended. 

The greatest result would naturally be produced with 
powder which would exert the greatest amount of force 
for the greatest space of time. It by no means follows 
that the quickest burning powder will have this effect ; 
for as only a portion of the force of a charge of powder 
is exerted before the shot is moved, and as the amount 
of this initial force will depend upon the quality of the 
powder, the action of a quick-burning powder, although 
greater at first, will not be maintained for a sufficiently 
long time for the shot (except in a short gun) to acquire 
so high a degree of velocity as when the action of the 
powder is slower. Thus, although a fulminating powder, 
much exceeding the strength of gunpowder, would act 
with many times the initial effect upon the shot, still, 
its action would be so rapid, that its strength would be 
exhausted in its first effort, and there would be no time 
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for the sliot to acquire that velocity which would be 
obtained by the employment of a powder of a less 
impulsive kind. The experiment has been made, and 
with the result I have already mentioned. 

When the bore of a gun is larger or smaller in diameter 
— of greater or less length — ^when a large amount of 
friction attends the shot's passage, or the commencement 
of its passage, through the bore of the gun, a different 
quality of powder may be advantageously employed. 

K a slower burning quality of powder were employed, 
its hvlk should not be sensibly increased ; that is, it 
should not occupy too much space in the gun, otherwise 
too large a portion of its energy will be exerted on the 
gun. To illustrate this, suppose a chamber of very great 
length (say six feet) and but half an inch in diameter ; 
if such a chamber <were filled •with powder, and the 
powder ignited at one extremity, the action of the fluid 
would be so much greater at that end that, if the sides 
of the chamber were not strong, it might burst through 
them before its action at the other extremity of the 
chamber would be perceptible. In. a similar manner we 
may account for the effect obtained by Hutton in some 
of his experiments. He states that when he increased 
the charge of powder to a very large quantity, the velo- 
city acquired by the shot was smaller, whilst the recoil 
was greatly increased. No greater proof of the error 
of the ordinary theory of the action of gunpowder could 
be required than this ; for if we suppose a shot acted 
upon by a fluid exerting (as assumed) a uniform initial 
pressure, it is true that its velocity would, in the above 
case, be smaller, since the action would take place 
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tlirough a shorter distance — ^but as action and reaction 
are equal, the recoil of the gun would be in proportion 
to the velocity acquired by the shot ; now, according to 
the views which I have here put forward, an enormous 
pressure may be exerted upon the gun without a pro- 
portionate velocity being acquired by the projectile. 

The work done upon the sJiot should be as great, and 
upon the gwn as small, as possible, and the powder which 
produces this result, in a gun of given dimensions, is the 
best. 

Suppose the bore of a gun to be fiUed with a gas 
exerting a uniform pressure of a very large magnitude, 
and closed at both ends ; take away the obstruction at 
one end, and the gas would escape, but the dynamical 
effect produced upon the gun would be comparatively 
small. But fill a portion only of the bore with the gas, 
and place a ball before it, and the gun would have a 
recoil in proportion to the velocity acquii*ed by the shot 
in moving through the bore : and that quantity of gas 
which would give the highest velocity to the shot, would 
cause the greatest recoil in the gun, and vice verad ; so 
that by either increasing or diminishing the quantity of 
gas the recoil would be lessened. I would simply ask, 
then, how can the increase in the recoU, which takes 
place at every increase in the charge of powder, be 
accounted for by the ordinary theory ? 

The difference between the ordinary theory and the 
one now put forward may be summed up in two words : 
the former is based upon hypothesis^ and the latter upon 
•fdct. The former theory supposes no intermediate action 
to take place between the first ignition of the charge 
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and the movement of the shot, but supposes that a cham- 
ber filled with a quantity of powder becomes, in a 
mysterious manner, suddenly and completely occupied 
by a permanently elastic fluid exerting a uniform pressure 
on all sides. The latter, on the contrary, assumes that 
an intermediate action doea take place, and that of a 
most violent character; and, further, that upon the 
manner in which this commotion is produced, depends 
entirely the amount of pressure first exerted upon the 
shot and upon the sides of the chamber, as well as the 
nature of that pressure. 

It appears incredible that the old theory could have 
been put forward, except for the purpose of affording a 
kind of basis for certain formvlcBi but that it should 
be received " au pied de la lett/rer as it now is, appears 
still more incredible. 

In conclusion, I would state that I claim to have dis- 
covered and established, by my experiments,, first, that 
the pressure produced by the fluid of fired gunpowder 
upon a shot, or upon the chamber of a gun, in no way 
resembles the uniform pressure of a confined gas, as 
assumed by the ordinary theory ; but that, from its 
previous action through a given space, it acquires an 
impulsive or percussive character.* 

* Some doubt has been raised as to the novelty of this proposition. It is 
true that Oapt. Boxer, R. A., in a lecture which he gave on the Science of 
Gunnery, in March, 1854, advanced an opinion very similar to this ; but as 
he made no attempt to verify or establish an opinion so subversive of the 
ordinary theory, or even to notice it in his subsequent Treatise on Artil- 
lery^ and as I was quite unaware, when I first put it forward, that such an 
opinion had ever been entertained before, I do not hesitate to class the above 
amongst those facts which I consider to have been discovered, as well as 
established by my experiments. I consider also that those who first see the 
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Secondly, that, owing to the gradual combustion and 
decomposition of the powder, the pressure of the fluid 
has never, at the different periods of its action in a gun, 
the scmhe value, but that previous to its action on the 
shot it attains a certain magnitude, and then (when the 
shot has begun to move) gradually diminishes. 

Thirdly, that (the charges being proportional) the 
Imght to which tJi^ pressure rises in eachgv/n varies with 
ilie size of the gun ; cmd that it increases^ in a higher 
ratio^ with any imyrease in the size of the gun. 

The manner in which I have attempted to account for 
the results obtained by experiment may, or may not, be 
correct, and mathematicians may cavil at the terms I 
have employed : the estimate also of the relative differ- 
ence in the pressure exerted by different quantities of 
powder, etc., may, or may not, be perfectly exact ; but 
this in no way alters the broad facts, which at least have 
the appearance of being sufficiently established by my 
experiments, not only to merit attention, but — ^if the 
science of gunnery be of any importance at all — ^to ren- 
der it absolutely necessary that they should, at as early 

practical application of an idea, and act npon it, are entitled to be consid- 
ered the real discoverers. 

Had it been possible for Captain Boxer to have spared from his official 
duties, as Superintendent of the Royal Laboratory at Woolwich, sufficient 
time to sift the question thoroughly, or to conduct the experiments which 
would have been necessary for that purpose, he would then probably have 
anticipated all that I have done, and no doubt have made further progress 
towards a solution of the question ; but, as remarked before, he made no at- 
tempt, either to prove th'e truth of his proposition by experiment, or to apply 
it in any way to the practice of gunnery. As the trouble and expense of 
the only experiments which have been made with a view of substantiating 
the idea which I had conceived — as I can prove most clearly — equally with 
himself, were borne by me, he cannot, I think, with any show of reason, 
claim that idea as his own. 
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a period as possible, be either accepted, or (if not borne 
out by ftuther experiment) rejected. Upon their recep- 
tion or rejection depends entirely the course to be pur- 
sued in future with regard both to the construction of 
large guns, and the quality of the powder which should 
be used with them. 

The introduction of rifled cannon into our service 
renders it a matter of the highest importance that the 
whole of the formvlcB in gunnery which refer to the 
action and force of gunpowder should be revised ; and 
that proper experiments should be made for this purpose. 

I would therefore strongly urge the expediency of 
making experiments, as well for ascertaining the relative 
force exerted by diflferent charges of powder, as the 
effect produced by increasing the weight of the shot, 
and by the retardation arising from the friction of rifled 
shot ; so that we might have, at least approximately — 
which is far from the case at present — some idea of the 
relative strength required for guns of different kinds 
and calibres. The science of gunnery is in that state 
that practice has gone ahead of theory; it is therefore 
evident, that — ^for real progress to be made — ^a further 
knowledge of ca/ase must be acquired, as well as of 
effect. 

K nothing else is done, it appears at least indispensa- 
ble that the careful and scientific experiments of Dr. 
Hutton should be repeated with the rifled guns now in 
use in the service, in order that we may learn their ex- 
act capabilities, the circumstances under which they may 
be most advantageously employed, the charges and the 
quality of powder which conduce most to their eflS.cien- 
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cy, and other circxunstaaces of the greatest practical 
importance. 

[I have been severely criticized for treating the explo- 
sive force of fired gnnpowder as distinct from the press- 
ure which is produced by the elasticity of the gas; but 
the fact that it is so admits of so simple a proof, that it 
will at once be evident to all who are conversant with 
the ordinary results which attend the combustion of 
gunpowder; namely, that when the grains of powder 
are completely crushed, or (as it is called) mealed^ the 
explosive force is thereby very considerably diminished ; 
but no one, I think, will venture to assert, that the elas- 
lidty of the gas which is evolved from the powder can 
dudergo any alteration on this account. 

The element of force which is wanting is to be sought 
for, probably, in the circumstance that (owing to the 
less rapid production of the elastic fluid) an equal quan- 
tity of fluid is not affected by the degree of heat at the 
same moment ; so that the sudden and violent expansive 
force which is produced from this cause — and which is 
altogether distinct from the pressure which is due to the 
elasticity of the fluid — ^is wanting. 

It has also been remarked, that I am in error in sup- 
posing that impact and pressure differ in kind, whereas 
they differ in degree only ; but as impact, or impulsive 
pressm'e, and simple or continued pressure, differ so 
completely that they admit of no numerical comparison 
one with the other— -or, as the proportion between a 
blow and a pressure cannot be defined — they cannot be 
said to differ in degree only. In fact, a comparison can 
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no more be instituted between them tban between a 
quart and a yai'd measure — ^which are both measures 
of quantity (as impact and pressure are, of force), with. 
this distinction, however, that one is a measure of ca- 
pacity and the other of length. 

The inetantaneous pressure which constitutes an im- 
pulse, involves also the separate' consideration of the ac- 
tion Yf}i\c\i produces the instant exertion of the degree of 
pressure, and of velocity^ for which there is no fixed unit 
or standard of measurement — so that although velocities 
may be compared with each other, yet a given velocity 
cannot be compared with a pressure, since they cannot 
be measured by the same standard — ^therefore, a press- 
ure of so many atmospheres, or of so many pounds on 
the square inch, can convey no distinct idea of the com- 
parative degree of force which is exerted by impact. 
An effect may be produced by an impulse which cannot 
possibly be produced by a pressure, and the contrary ; 
and either ^lay be of greater or less magnitude without 
changing their character. 

It is not the degree of pressure alone which is the 
cause of a bullet making a clean hole through a pane of 
glass, but a rapid transmission of force through a given 
space, or, in other words, the high velocity with which, 
the bullet is made to pass through the space of the 
thickness of the glass. 

But whether impulse and pressure be considered to 
differ in kind or in degree only, it must be admitted 
that the value of each has to be estimated by a differ- 
ent method of calcidation; and this is all I wished to 
establish. My motive for desiring to prove that the 
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initial action of fired gunpowder should be treated as an 
impulse rather than as a simple pressure, may be easily 
explained. 

The main source of the numerous errors and anoma- 
lies which now exist, clearly arises from the circum- 
stance that the formulm at present in use are based 
upon the hypothesis that the action of the fluid 
upon the shot is of the nature of a simple pressure; 
and — as the whole of the charge of powder is always 
supposed to be completely converted into a permanent- 
ly elastic fluid before the shot is sensibly moved from 
its place — ^that the degree of pressure is uniformly the 
same ; that is, in proportion to the density and elasticity 
of the fluid, or to the space occupied by the charge ; 
consequently, when any fact has been discovered which 
is at variance with this theory — such as the apparently 
greater force of the powder when several shots have 
been fired at once from the same gun — the bursting of 
guns under certain circumstances, etc. — ^those who ac- 
cept the ordinary theory are driven, in seeking "for a 
solution, to the adoption of all kinds of vague hypothe- 
ses — such as supposing that the vrdtial pressure of the 
gas increases when a greater weight is placed before 
it — ^that although the degree of pressure is the same, it 
is maintained for a longer time in large guns than in 
small, etc. — ^none of which will bear the slightest in 
vestigation. 

By treating the initial force of the powder, however^ 
as an impulsive or percussive force, all the existing 
anomalies are easily accounted for, and theory becomes 
at once reconciled with practice, since the initial press- 

12 
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are, in this case, is not supposed to be uniformly the ' 
same, but to vary under diflFerent circumstances. 

It is remarkable that so very large an im^ia? pressure 
as that which is always supposed to be exerted by 
gunpowder should ever have been treated otherwise 
than as an impulse, or impact ; besides, it is a recognized 
principle, that heat — ^which is the principal element in 
the explosive action of gunpowder — ^and mechanical 
force are identical and convertible, and that the action 
of a given quantity of heat may be represented by a 
constant quantity of mechanical work performed. Now 
^^'^r^ alone is insufficient to constitute mechanical 
work.] 
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(A.) 
ELONGATED BULLETS FOR EIFLED MUSKETS. 

The form of the bullet, for rifled muskets, has undergone 
various changes during the last few years. For a detailed ac- 
count of these diflferent modifications, up to the present time, 
I cannot do better than refer the reader to two excellent little 
works, the Bijled Muahet^ by Captain White Jervis, and Rifle 
Practice^ by General Jacob; also to an extremely clever 
pamphlet on the Improvement of the Hifley by . Lieutenant- 
Colonel Lane Fox. 

The bullet at present in use is, I believe, the invention of 
Colonel Hay, and is found, in practice, preferable to that intro- 
duced by Pritchett. It is hollowed out more behind, so as to 
admit of a wooden plug being placed in it, by means of which 
the necessary rapidity of expansion (which apparently is want- 
ing in the Pritchett bullet) may be obtained, and its centre of 
gravity thrown more forward. The objection to this arrange- 
ment, however, is, that the plug is placed loose in the bullet. 
It may, in consequence, be driven up into the bullet before 
the latter is fired, so as to cause a premature expansion, and 
thus to occasion a difficulty in loading. It may also alter 
its position in the bullet, and thus give rise to a want of uni- 
formity in the results obtained in practice. It appears to me, 
however, that these defects might ifi some measure be remedied 
by attaching the plug to the bullet by means of an iron pin, 
as shown in Fig. 1, or by the additional use of two or more 
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grooves or guides, as represented in Fig. 2, so that 
when the plug is driven forward, it must naturally 
be in a straight direction, and, being fixed, it could 
not so easily shift its position or be accidentally 
driven in. 
I would suggest, however, as a still better arrange- 
" " ' ment, the one shown in Fig. 3. This has a simple 
pin of iron, or other material, with a broad head. I 
have fired this bullet with excellent effect — ^it is both 
simple in its construction and effective in its action. 
The real utility of a plug, or cup, in the bullet, is 
^K- 2- not that either one or the other should be driven up 
into the hollow ; but to prevent the action of the 
powder upon the upper part of the hollow, and to 
allow the lower part of the bullet to be expanded be- 
fore the inertia of the fore part is overcome ; for the 
hinder part of the bullet having less solidity than 
the fore part, the lead there will be more easily upsetj 
Fig. 3. and it will thus expand and fill the grooves with 
greater rapidity than if the bullet were of solid lead. 

It is evident that the efficiency of the plug must depend ma- 
terially upon the size of its base, as compared with the whole 
diameter of the bullet. To produce a proper effect, the area of 
the base of the plug should be fully two-thirds that of the bul- 
let ; the larger the base of the plug the greater will be the ex- 
pansion ; but when it exceeds the size above mentioned, means 
must be taken so to secure it that it will not be driven quite 
through the bullet ; which may happen if the plug be placed 
loosely there. 

The chief cause of a bullet stripping arises from its not ex- 
panding with sufficient rapidity to fill the grooves previously 
to acquiring a certain velocity.* 

^ The necessity of a quick expansion is very remarkable in expanding projectiles 
used for cannon. When the expansion does not take place with sufficient rapidity, 
deep furrows, caused by the flame of the gunpowder passing beyond the projectile, 
are distinctly visible in the bullet 
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An open hollow in the hinder part of a bullet tends to pre- 
vent a proper expansion, as it allows the inertia of the upper 
part to be overcome in the same time as that of the lower part, 
and, if the hollow be broad and deep, the fore part of the bullet 
may even be blown off. A loose cup or plug placed in the 
hollow affords no certain remedy for this, as it is apt either to 
shift its position, or to be driven forward with violence, and 
jam the sides of the bullet against the barrel ; in which case, 
owing to the diminished surface presented by the hinder part 
of the bullet to the action of the powder, and the impeding fric- 
tion, the fore part of the bullet is liable to be blown off, from 
the plug being forced completely through it. 

Bullets of increased length and diminished diameter are less 
liable to the above mishaps, and there is this to be said in favor 
of the use of such bullets, that they acquire — ^from their length 
— a greater expansion ; and although they require a greater 
turn, yet the angle formed by the grooves with the axis of the 
bore (with a turn of a given length) becomes less as the calibre 
is diminished. Thus the angle formed by a turn of 3 feet in a 
musket of a calibre of '577 in. would be greater than that * 
formed by a turn of the same length in a musket having a cali- 
bre of '5 in. only ; so that a greater turn may be used with the 
latter, without much increase in the cmgle of the turn, whilst 
the expansion of the longer bullet insures it against stripping. 
The lower trajectory, or less incurvated track of such a bullet, 
subjects it also to a smaller lateral deviation. 

There are many advantages attending the use of a bullet 
which can be made to expand quickly. It may probably be 
found necessary to increase the difference between the diameter 
of the bore of the Enfield musket and that of the bullet, in 
which case a quick expansion of the bullet will be of the first 
importance. The accounts lately received from India respect- 
ing the difficulty of loading — whether it arises, as appears 
likely, from the effects of the climate, or from some other cause, 
not otherwise to be remedied — tend to show that some altera- 
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tion in the windage, or diflference between the diameter of the 
bore and that of the bullet, will be absolutely necessary. 

It is asserted that there is an advantage attending the em- 
ployment of a simple lead bullet, that is to say, such as would 
require no plug or detached pieces, from the soldiers — ^in case 
of their ammunition failing when on distant service — always 
being able to make their own bullets : but this is no reason 
why a simple lead bullet should be dl/wa/ya employed in the 
service. Bullet-moulds for casting solid lead bullets, in case 
of need, might form part of the regimental equipment, without 
prejudice to the use of a diflFerent kind of bullet for the ordinary 
service bullet. A solid lead bullet requires, moreover, a very 
fine, quick-burning powder. 

Fig. 4 has a plug, a^ of tin, zinc, or other light 
metal, which is placed in the bullet when cast. This 
will throw the centre of gravity forward, and has 
the advantage of allowing the bullet to be of one 
piece. Bullets, however, being at present made by 
compression, their construction in this form renders 
p^g ^ them less eligible for military purposes than if made 
similar to the one represented in Fig. 3. The arrangement 
shown in Fig. 4, however, is preferable for bullets of more than 
two diameters in length. 
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(B.) 

ON THE DEFLECTION OF LONG PKO- 
JEOTILES. 

The theory, that the deflection, or derwation (as it is called), 
of rifle bullets is caused by the unequal pressure of the air 
consequent upon the bullet whirling about an axis which con- 
tinues parallel to itself, and which forms an angle with its tra- 
jectory, so that the pressure of the air is greater upon the under 
than upon the upper surface of the bullet (see Frontispiece, Fig. 
2), h&s been very generally entertained — with various modifi- 
cations since the time of Robins. Captain Tamisier, a French 
officer, who adopted these views, endeavored to obviate the 
deflection of rifle bullets by constructing a bullet with circular 
grooves round its base, for the purpose of creating a resistance 
on the hinder part of the bullet ; so that its apex should be 
brought down in such a manner that its axis would be a tangent 
to its line of flight, and the pressure of the air upon the surface 
of the bullet be thus equalized. 

This, which has been called Captain Tamisier's theory, has 
been accepted by numerous persons ; it is, nevertheless, very 
defective, as I will endeavor to show. In order, however, to 
do so, it will first be necessary to give some further explanation 
of it ; for this purpose I cannot do better than quote Captain 
White Jervis's little work on the Rifled Musket. After noticing 
the circumstance of the greater pressure upon the lower surface 
of a long projectile, when its longer axis remains parallel to 
itself; and the supposed eflfect of Captain Tamisier's circular 
grooves ; he thus proceeds : 

" The lower side of the projectile, therefore, moving in the 
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compressed air, and the upper in the rarefied air, deviations 
must ensue. For, as the upper part of the bullet moves from 
left to right, the bottom must move from right to left. But 
the lower resistance to the motion of rotation, being produced 
by the friction of the compressed air, is greater than the upper 
resistance, which depends on the friction of the rarefied air. 
By combining these two resistances, there results a single force, 
acting from left to right, which produces what Capt. Tamisier 
termed deri/oaUon^ and it was to overcome this derwation that 
that oflScer proposed the circular grooves to the bullet, which 
he considered would act like the feathers of the arrow to main- 
tain the moving body in its trajectory. By applying this new 
principle, bullets could be made of any form and length. * * 
Before, however, being able to seize all the consequences of 
this new principle, which consists in bearing out the theory of 
the air's resistance upon the cylindrical portion of the bullet 
to insure its keeping the right direction, it may be necessary to 
enter into some details, to give, if possible, a clear idea of this 
phenomenon. When a spinning-top is projected on the ground, 
animated by a very strong motion of rotation, it, first of all, 
leans very much on one side, then raises itself little by little, 
and, at last, finishes by turning round on its axis, which has 
become vertical, in such a manner as to make it appear motion- 
less. What is the cause which induces the top to raise itself, 
and keeps it from falling ? It evidently arises from the motion 
of rotation acted upon by the resistance of the air. For when 
the top leans on one side, whilst turning round rapidly, each 
portion of the lower part of its surface strikes successively, by 
virtue of the double motion of falling and of rotation with 
which it is endowed, the layers of the atmosphere with which 
it comes into contact ; whilst the upper part of the surface 
comes, through this falling motion, into a part of the space 
formerly occupied by the body of the top, and has no resistance 
of the air to overcome to take up its new position, so that the 
force imparted to the lower portion, or rather to the inclined 
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part of the surface of the top, is not neutralized by an equal 
force engendered on the opposite part. 

" The resistance of the air tends, therefore, to raise up the 
top, and this resistance is greater in proportion as the motion 
of rotation is more rapid. 

" If, however, we would wish to obtain some idea of the 
rotary motion of a bullet in its path through the air, we cannot 
consider it in the same light exactly as a top spinning, for it is 
at the same time endowed with a force of progression.* But 
let us consider the action of the arrow, which is only animated 
with this force of projection, and let us see how it is constructed| 
so that the resistance of the air should not act in an unfavor- 
able manner against its action. First of all, nearly all its 
weight is concentrated at the point, so that its centre of gravity 
is close to it. At the opposite end feathers are placed, the 
heaviest, of which does not affect the centre of gravity, but 
gives rise to an amount of resistance in the rear of the projec- 
tile, and which prevents its ever taking a motion of rotation 
perpendicular to its great axis, and keeps it in the direction of 
its projection. This difficulty which the arrow finds in chang- 
ing its direction must concur in preventing its descending so 
rapidly as it would do were it'only to obey the law of gravity, 
and must therefore render its trajectory more uniform. We 
need scarcely add that the lengthened form of the arrow has 
precisely for its object to render as weak as possible the resist- 
ance of the air to the force of projection. Let us, however, now 
come back to the grooves of M. Tamisier, and we shall find that 
they concur in giving to the bullet the two actions of the resist- 
ance of the air which we have demonstrated with respect to 
the top and arrow. 

" Suppose that such a bullet describes the trajectory m, and 
A B be the position of its axis, it will be seen that the lower part 

* These theories of the top and arrow are generally supposed to have been 
started by Captain Tamisier, but they were originated by Bobins. See his Mathem 
2hici; vol L, p. 331. £ditl76L 
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of the ballet re-eetabliBhes the air compressed, whilst the upper 
part findB itself in the rarefied air. That consequently the lower 




part of the canelures is submitted to the direct action of the 
air^s resistance, whilst their upper part totally escapes this ac- 
tion. The resultant of the air s resistance evidently tends to 
bring back the point of the moving body according to the tra- 
jectory ; but as this action is produced by the pressure of an 
elastic fluid, it results that the point b, after having been an 
instant upon the trajectory, will fall below in virtue of the ve- 
locity acquired ; but then the upper grooves finding themselves 
acted on by the action of the air's resistance, this action, joined 
to its weight, will force the point of the projectile upwards, 
which will descend to come up again, so that the projectile will 
have throughout its flight a vertical swing, which is seen dis- 
tinctly enough in arrows." — {Rijled Musket^ pp. 58—61.) 

The flight of an arrow, as I have already remarked, offers a 
very imperfect illustration of the flight of a bullet. The ver- 
tical swing occasionally observable in an arrow is generally 
owing to the propelling force not passing directly through the 
centre of gravity. It also arises from the arrow not being 
properly balanced, or feathered ; and other circumstances, alto- 
gether distinct from those which operate in the case of a rifle 
bullet. Steadiness of flight in an arrow depends, therefore, 
upon the nice adjustment of its parts. Steadiness of flight can 
only be given to a long bullet by imparting to it a sufficient ro- 
tary velocity about an axis situated in the direction of its flight. 

Though I agree with Oapt. White Jervis, that the circular 
grooves proposed by Oapt. Tamisier fail in their object, I differ 
from him somewhat with regard to the effect which they must 
produce on the bullet's flight. In my opinion, the bullet, instead 
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of acquiring a simple vertical movement, wonld describe a cdne 
about the direction of its flight. The only effect which could 
be produced by canelures placed in the direction of those upon 
Captain Tamisier's bullet would be to increase the rapidity of 
the movement described by Professor Magnus, and in no way 
to compel the bullet to remain a tangent to the curve oi flight.* 

It is beyond dispute desirable that a shot should be caused to 
remain a tangent to the curve of flight; but this can only be 
effected in practice, by placing the centre of gravity in the fore 
end of the shot ; and I am inclined to think that — the rotary 
velocity being proportionate — ^the axis will be disturbed in a 
manner also the least likely to affect the accuracy of the pro- 
jectile, when the centre of gravity is in a forward position ; since 
the fore part of a projectile so constructed (owing to the smaller 
conef which it will describe about the direction of flight) would 
not acquire so great an inclination to the vertical plane. 

When the centre of gravity is at or behind the centre of the 
projectile, the cone will be described about an axis parallel to the 
direction of projection, or nearly so ; but when it is in the fore 
part, it will be about an axis which is nearly a tangent to its 
curve of flight ; the whole pressure of the air, in the latter case, 
will therefore be less. 

Professor Magnus supposes (from his experiments) that the 
axis of rotation of a long projectile always remains nearly a tan- 
gent to the curve throughout the whole flight ; and that the apex 
is sometimes depressed even below the tangent to the curve of 

* I think it questionable whether a shot fired from a rifled gun can be compelled 
to remain a tangent to the curve of flight by means alone of projections or grooves 
upon its rear end, placed in any fashion whatever. It apposes to me probable, 
however, that by placing three or four projections on the rear end of a long pro- 
jectile, in such a position that the action of the air shall take place in the direction 
of the rotary, instead of (as in Captain Tamisier's bullet) in that of the progressive 
movement, the deflection might be considerably diminished (see Frontispiece, Fig. 
7, o), especially with projectiles having the centre of gravity in a forward posi- 
tion. The surface of the projections would probably be too small to occasion much 
loss of rotary velocity, unless the projectile were fired with a very high elevation 
and velocity. 

f See chapter " On the Projectile," p. 81. 
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flight ; but his description of the circumstances under which the 
projectiles were fired (in his experiments) is so vague, that it is 
impossible to form a correct opinion of the value of many of the 
results which he describes. He simply mentions that a very low 
velocity was given to the projectile. The position of the centre 
of gravity— the rotary velocity — ^the form of the projectiles and 
the angle at which they were fired — all of which considerably 
aflfect the movement of the projectile, remain altogether unno- 
ticed. A description of these circumstances might have enabled 
us to account for some of his results, which, at present, are dil- 
ficult to reconcile with the observations of others. 

The motion, during its flight, of a projectile which has an in- 
sufiicient rotary velocity imparted to it, presents a very difierent 
appearance to that of another which acquires a proper rotary 
velocity ; and when, in the former case, the projectile has the 
centre of gravity behind its centre of figure, theapex will appear 
(especially when the rotary velocity and the angle of elevation 
are small) to be more depressed than that of another which has 
the centre of gravity in a forward position ; since the cone, which 
the former describes about the line of direction, will be larger. 
If the apex of a properly formed projectile were ever really 
depressed below the tangent to the trajectory, the flight of long 
projectiles would not be so extended as we know it to be. 

Therefore, although there can be no doubt that Professor 
Magnus's explanation of the effect of the air upon long rotating 
projectiles is substantially correct, as far as his experiments go, 
yet, inasmuch as those experiments are very imperfect, his 
description of the circumstances of the flight of a long projectile 
cannot be considered as applicable to such as are constructed of 
a proper form for obtaining the greatest range and accuracy, 
and which have a sufficient rotary velocity imparted to them. 

He shows that the form (especially of the fore part) of the 
projectile considerably affects the manner in which the equi- 
librium of the axis of the projectile is disturbed by the air — ^but 
fails to describe the form which will be productive of the least 
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disturbance ; in fact, his experiments appear to have been made 
with one or two kinds of projectiles only, and he could not, 
therefore, give a decided opinion on this point. His experi- 
ments, however, possess a great value, since they show the actual 
manner in which a rotating projectile is deflected by the air ; 
but he would have found ma»ny of the peculiar effects which he 
describes greatly modified, or altogether absent, if he had fired 
a properly formed projectile, with a sufficient rotary velocity. 

The best formed projectile, for both range and accuracy (es- 
pecially when the angle of elevation is high), will be such as 
have the centre of gravity sufficiently forward to maintain the 
axis nearly a tangent with the curve of flight ; as, in this case, 
the retarding and disturbing force of the air will both be 
smaller. 

When we consider the great pressure of the air, and that it 
must always act obliquely upon the projectile, it would appear 
impossible that the derwation can ever be completely overcome 
(except, perhaps, with shot fired with low velocities and a very 
quick turn), although with care it may be reduced in such a 
manner as to be easily allowed for with each elevation of the 
gun. 

The spinning of a top is even a more unfortunate illustration 
to bring forward in support of Captain Tamisier's theory, than 
the flight of an arrow. A spinning top, which at first leans 
very much on one side, is not kept from falling, or induced to 
raise itself, by the resistance of the air ; but acquires a vertical 
position solely from the act of rotation and the friction of its 
point against the ground or sfwrface upon which it is spinnvng^ 
and it maintains the vertical position in consequence of the sta- 
bility acquired by the axis about which it is caused to rotate, 
which enables it to resist any attempt to disturb it ;* and the 
greater the rotatory velocity, the greater will be the stability 
which the axis of the top will acquire, and the longer it will 
maintain a vertical position. The resistance of the air tends to 

* The " Gyroscope" affords an admirable iUustration of this. 
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destroy the rotary motion, and therefore to dimmish the sta- 
bility of the top. K we suppose a top spinning in a vacuum, 
it would maintain a vertical position for a much longer time 
than if spinning in the atmosphere ; and if, in the former case, 
a disturbing force were to cause it to lean over to one side, it 
would recover its vertical position in precisely the same man- 
ner, and for the same reasons, that it would when spinning in 
the atmosphere. 

If a top, spinning about an axis not quite vertical, were 
allowed to fall through a certain space to the ground, it would 
continue to rotate about an axis parallel to itself (supposing its 
centra of gravity to be at its centre) until it reached the ground, 
when it would f/rst hegin to acquire a vertical jposition. 

In the event, however, of its falling upon a perfectly smooth 
surface, the fHction would not be sufficient to allow of the axis 
of the top assuming a vertical position; but the part helow the 
centre of gravity (the centre of gravity, and not the point, being, 
in this instance, at rest) would describe a cone about the axis, in 
a similar manner to the part above the centre of gravity ; and the 
circle described by the point would be continually larger, as the 
rotary motion diminished. The movement of a projectile, when 
the rotary motion is not sufficiently rapid to insure a sufficient 
amount of stability to the longer axis of the projectile to enable 
it to resist the disturbing pressure of the air, is similar to this. 

I am aware that this view of the question is contradictory to 
all elementary works on Natural Philosophy, and would there- 
fore seem to require some further explanation ; but a complete 
mathematical investigation of the subject would be too long, 
and of too abstruse a nature, for a work of this kind ; suffice it 
to say, that the idea was originated by Mr. Sprague — ^a gentle- 
man whose ability as a mathematician is unquestionable. 

The following considerations, kindly furnished me by that 
gentleman, will be sufficient to show those who are acquainted 
with the mathematical Theory of the Composition of Rotary 
"Velocities, that the friction of the point of the top upon the sur- 
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face on which the top is spinning, really causes the axis of the 
top to assume a vertical position. Supposing a top to be spin- 
ning about an axis inclined to the vertical, upon a smooth sur- 
face, the action of gravity has a tendency to make the top 
rotate about a horizontal axis ; or, in other words — to fall. It 
is well known, however, that, in consequence of the rotation of 
the top, it will not fall, but the new rotation which wouH be 
produced by gravity combines with the original one, and the 
effect is that the axis of the top, about which it still Qontiuues 
to rotate, will slowly describe a cone about the vertical line, — 
. the velocity with which the axis of the top revolves being less, 
as the velocity of rotation of the top is greater. Now, if the 
surface on which the top is spinning is quite smooth^ it will 
offer no resistance in a lateral direction to the motion of the 
point of the top, and therefore, in accordance with the elemen- 
tary and well-known laws of motion of a solid body, the centre 
of gravity of the top will remain at rest, while the point of the 
top will describe a circle on the surface, and the apex of the 
top will describe another circle in a parallel plane. If, how- 
ever, the surface is rough, the friction introduces another force 
acting on the top, which will give it a tendency to rotate about 
a new axis, perpendicula/r to the axis of the top, cmd in the 
same vertical plane. This new rotation will combine with the 
former rotation of the top ; and it will be seen, by considering 
the directions in which the various rotations take place, that 
the resulting rotation will be about an axis less inclined to the 
vertical than the axis of the top, so that that axis will gradually 
assume a vertical position. In consequence of this, the apex 
of the top, instead of describing a circle, will describe a dimin- 
ishing spiral, till at last the axis of the top becomes vertical — 
the point of the top remaining at rest, or nearly so, during the 
motion. 

The explanation of Captain White Jervis, as set forth in the 
foregoing extract of his work, is quite erroneous. In fact, he 
has overlooked the circumstance that, if his theory were correct, 
13 
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no sooner would the axis of the top begin to move towards the 
vertical, than the resistance of the air on that side would become 
greater, and the top would be driven back to its former position, 
or still further. 
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(C.) 

IMPROYEMENTS IN ORDNANCE. 

That the reader may form some idea of the progress which 
has been made in the use and the construction of cannon 
during the last two centuries, I have inserted a description of 
the different cannon in use, and a table of the ranges obtained 
with some of them, in the year 1646. 

From this it will be seen that the chief improvement consists 
in the attainment of a slight increase in the effect, with a shorter 
and lighter description of gun. This advantage is principally 
owing to the improvement made, since the above period, in the 
manufacture of gunpowder ; which (from its larger initial or 
explosive force) will now give a shot, when fired from a short 
modern gun, a velocity which, formerly, was only to be acquir- 
ed with a gun of great length, and the use of a much larger 
charge. And although the range of balls of equal weight 
remains, as will be seen, much the same, yet the means by 
which these results are obtained have been very much improved. 

The extracts which follow are taken from a little work, to 
which reference has already been made, The Gunner^s 
Glasse, by W. Eldred, who, for sixty years, was Master Gun- 
ner at Dover Castle. It should be observed that the powder in 
use at the period when these ranges were taken, was " com" 
powder, a (then) new description of gunpowder of greatly in- 
creased strength; being, as remarked by Eldred {Gunner's 
Glassey p. 21), " twice as strong" as that which was used before 
his time. The powder in use previously to this period, and 
even then partly so, was called " serpentine" powder, and was 
of inferior strength, and not granulated. Before the " com" 
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powder came into use, cannon were of enormous length ; the 
demi-culverin, or basilisk, at Dover Castle, temp. Queen Eliza- 
beth, is nearly 24 feet (or 60 calibres) long ; and, at Deal, there 
was, in Eldred's time, a " brasse" demi-culverin 16 feet long. 

The powder of the present day is " twice as strong" as that 
used in Eldred's time — the charges, in consequence, are now 
much smaller, and the guns, although comparatively stronger 
at the breech, of reduced length. 

Table No. 1, is descriptive of the different pieces of ordnance 
in use two hundred years ago ; No. 2 contains a more minute 
description of several pieces of which the ranges are given ; 
and No. 3 is a table of the ranges, or " randoms" (as Eldred 
calls them), of these pieces. 

These Tables are not transcribed exactly in the order in 
which they stand in Eldred's book, but are taken from different 
parts of the work. I have also taken the liberty of making 
various small alterations — such as reckoning the ranges in yards, 
instead of by miles and scores — ^in order to render the tables 
more simple. ^ 

It will be observed that the windage was very large, and that 
the same quantity (J inch) was used with each description of 
gun. 
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No. 1 .— A Table of the Height and Weight of Pieces. 



The Names of the 
Pieces. 


The Calibre 

or Height of 

the Bore. 


The Weight 

of 

the Shot 


The Length 

of 

the Piece. 


The Weight 

of 

the Piece. 


A Rabonet 


Uin. 


fib. 


3 ft. 


120 lb. 




A Falconet. 


2 in. 


lilb. 


4 ft. 


210 lb. 




A Falcon 


2| in. 


2ilb. 


6 ft. 


700 lb. 




A Minion. 


3 in. 


4 lb. 


8 ft 


1500 lb. 




A Saker 


3iin. 


5 J lb. 


9ift. 


2500 lb. 




A Demy-Culverin. . . . 


4iin. 


9 1b. 


10 ft. 


3600 lb. 


A Whole Culverin, . . 


5 in. 


16 1b. 


lift. 


4000 lb. 


A Demy-Cannon 


6 in. 


27 1b. 


12 ft. 


6000 lb. 


A Whole Cannon. . . . 


7 in. 


47 1b. 


10 ft. 


7000 lb. 


A Cannon Royall 


8 in. 


63 lb. 


8 ft. 


8000 lb. 
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No. 2. 





Falcon. 


Bacar. 


Demi-Culyerin. 


Whole Culverin. 


Brass. 

1 


Brass 
2 


Iron. 
B 


Brass. 

1 


Iron. 
2 


Iron. 
1 


Iron. 
2 


Iron. 

1 


Brass 
2 


The height 
oftheBore ■ 


2fin. 


2f 


21 


H 


H 


H 


^ 


H 


41 


The height ) 
of the Shot) 


2Hn. 


2i 


2i 


H 


H 


4i 


4 


6 


4i 


The weight ) 
of the Shot y 


2 1b. 


21b. 


21b. 


5 1b. 


41b.l2oz, 


10 1b. 


Slb.lloz. 


l71b.5oz. 


16 


The weight) 
of the Pow- y 
der . . . ) 


2 1b. 


21b. 


2ilb. 


41b. 


41b. 


7 1b. 


7 1b. 


91b. 


81b. 


The length ) 
of the Oar- >■ 
tridge . . ) 


7 in. 


7 in. 


8 in. 


10 in. 


10 in. 


17 in. 


17 in. 


19 in. 


18in 


The length) 
of the Dis- [ 
part . .) 


2im. 


2 in. 


If 


3i 


H 


H 


31 


H 


21 


Fortified in ) 
the Cham- [• 
ber. . .) 


2fin. 


2 in. 


3 m. 


H 


5i 


H 


6 in. 


61 


61 


The length) 
of the y 
Piece . .) 


eft.lin. 


6.6 


6.6 


Oft. 


9.9 


10.2 


10.8 


10.9 


16ft. 


The weight ) 
ofthe . 
Piece . .\ 


•TOO 


800 


1100 


1600 


2700 


3500 


4000 


4600 


4200 

i 
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No. 3.— A Table of BandomB, or Banges. 



Angle of Elevation. 


Falcon. 


8aker. 


Demi-Cnlyertn. 


Whole Culve- 
rin. 


Yards. 


Tarda. 


Tarda. 


Tarda. 


Level 


320 


360 


400 


460 




i 


.... 


406 


460 


616 




^ 


.... 


460 


600 


670 




* 


... 


496 


660 


626 




1 


480 


440 


600 


630 




2 


640 


720 


800 


900 




3 


800 


910 


1000 


1120 




4 


960 


1090 


1200 


1330 




5 


1120 


1270 


1400 


1460 




6 


1280 


1460 


1600 


1770 




7 


1440 


1630 


1800 


1990 


8 


1620 


1810 


2000 


2210 




9 


1760 


1990 


2200 


2430 




10 


1920 


2170 


2400 


2650 
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The (runner's Olasse is well worth the perusal of all who 
take an interest in the subject of gunnery, and would be an 
excellent work for military libraries, both for the purpose of 
showing the state of gunnery two centuries back, and, '^ though 
it appears a little out of fashion," for the good advice which it 
contains ; the author being evidently one who was accustomed 
to " put his trust in Providence, and keep his powder dry." 

The second part of the book need not necessarily be reprinted, 
as it contains only the opinions of Diego Ufano, Captain of the 
Artillery of Antwerp Castle, vdth reference to matters in con- 
nection with the warfare of the period. The first part (about 
110 pages) might be transcribed and reprinted, with the wood- 
cuts, at a cost of about £30 or £40. The only copy which I 
have yet seen is in the British Museum. 



2>. Van Nbstrand^s Publications* 

Hand- Book of Artillery, 

For the Serrice of the United States Army and Militia. New and 

revised edition. By Maj. Joseph Koberts, U. S. A. 1 toL 

18 mo, cloth, New and enlarged edition. |1 00. 

** A complete catechism of gan practice, ooTering the whole sroand of this 
branch of military science^ and adapted to militia and voluiteer drills as well as 
to the regular army. It has the merit of precise detail, eren to the technical 
names of all parts of a gun, and how the smallest operations connected with its 
nse can be best performed. It has evidently been prepared with great care, 
and with strict scientific accnracy. By the recommenoation of a committee 
appointed bv the commanding officer of the Artillery School at Fort Monroe, 
va., it has been substituted for * Bums* Questions and Answers.^ an English 
work which has heretofore been the text-book of instraction in this ooontry.^ 
—2few York CetUury, 



New Infantry Tactics, 

For the InstnictioHf Exercise, and Manoeuvres of the Soldier, a Com- 
pany, Line of Skirmishers, Battalion, Brigade, or Corps d'Armee. 
By Brig. -Gen. Silas Casst, U. S. A. 3 vols. 24mo. Half roan, 
lithographed plates. $2.60. 
Vol. I. — School of the Soldier ; School of the Company ; In- 
struction for Skirmishers. 
Vol. II.— ^hool of the Battalion. 

YoL. III. — Evolutions of a Brigade; Evolutions of a Corps 
d^Arm^. 

The roanuscript of this new sjrstem of Infiuitry Tactics was carefully ex* 
amined by General MoClxllak, and met with his unqualified approvalf'Which 
he has since manifested by authorizing General Gaset to adopt It for his entire 
division. The author has retained much that is valuable contained in the sys- 
tems of Scott and Habdxx. but has made many important changes and addi- 
tions which experience and the exigencies of the service require. General 
Cabzt's reputation as an accomplished soldier and skilful tactician is a guar- 
antee that tne work he has undertaken has been thoroughly performed. 

** These volumes are based on the French ordonnances of 1881 and 1845 tar 
the manoeuvres of heavy infentry and chaasmtre d pied ; both of these systems 
have been in use in our service for some years, the former having been trans- 
lated by Gen. Bcott, and the latter by GoL Hardee. After the introduction of 
the latter drill in our service, in connection with Gen. Scott's Tactics, there 
arose the necessity of a uniform system for the manoeuvres of all the Infantry 
arm of the service. These volumes are the result of the author's endeavor to 
oommunicate the instruction, now used and adopted in tiiie army, to achieve 
this result.'"— .fiM^on Journal, 

** Based on the best precedents, adapted to the novel requirements of the art 
of war, and veir taU in its instructions, Casey's Tactics will be received as the 
most usefbl and most comprehensive work or its kind in our language. From 
the drill and discipline of the individual soldier, or through all ^e various 
combinations, to the mancsuvres of a brigade and the evolutions of a Corps 
D'Armee, the student is advanced by a clear method and steady progress. Nu- 
merous cuts, plans, and diagrams illustrate positions and movements, and de- 
monstrate to the eye the exact working out of the individual position, brigading; 
order of battle, Jbc, Ac. The work is a model of publishing success, being la 
three neat pocket volumea,"— .^eto Yorker, 



D, Van Nbstrand^s Publications. 

Gunnery Instructions. 

Simplified for the Volunteer Offioers of the U. S. Na\ry, with hints to 
Executive and other Offioera B7 lieut-Oommander Edward 
Barrett, U. S. N., Instructor in Gunnery, Navy Yard, Brook- 
lyn. Third edition, revised and enlarged. 1 vol. 12mo, cloth. 
$1 25. 

*^It is a thorough work, treating plainly on its subject, and contains also some 
valuable hints to executive officers. Ko officer in the volunteer navy should be 
without a copyJ"— Boston Evening TYa^eUer. 

**ThiB work contains detailed and specific instructions on all points connected 
with the use and management of guns of every kind in the naval service. It has 
foil illustrations, and many of these of the most elementary character, especially 
designed for the use of volunteers in the navy. The duties of executive officers 
and of the division officers are so clearly set forth, that * he who runs may read^ 
and understand. The manual exercise is explicit, and rendered simple by dia- 
grams. Forms of watch and quarter bills are given ; and at the close there is a 
table of ranges aocordlns to the kind and calibre of sun, the weisht of the ball, 
and the ch^e of powder. A valuable little hand-book.'^— PA^a<2e^j3A«a In- 
quirer. 

" I have looked through Lieut Barrett's book, and think it will be very valu- 
able to the volimteer officers who are now in the naval service. 

"C.E. P.EODGEE8, 
Oommandinff Ui 8. Steam Frigats Wabash.'" 



The "C. S. A." and the Battle of 
Bull Run. 

(A Letter to an English Friend.) By J. G. Barnard, Major of Engi- 
neers, If. S. A., Brigadier-General, and Chief Engineer, Army of 
the Potomac With five maps. 1 vol. 8vo, cloth. $1 60. 

" This book was befun by the author as a letter to a friend in England, but as 
he proceeded and his M8S. increased in magnitude, he changed his original plan, 
and the book is the result General Barnard gives by ftr the best, most compre- 
hensible and complete account of the Battle of Bull Eun we have seen. It is il- 
lustrated by some beantiAiUy drawn maps, prepared for the War Department by 
the topographical engineers. He demonstrates to a certainty that but for the 
causeless pimic the day might not have been lost The author writes with vigor 
and earnestness, and has contributed one of the most valuable records yet pub- 
lished of the history of the war.'''*— Boston Commercial BuUetin, 



Models of Fortifications. 

Yauban's First System — One Front and two Bastions ; Scale, 20 yards 
to an inch. The Modern System — One Front; Scale 20 yards 
to an inch. Field- Works — The Square Redoubt; Scale, 6 yards 
to an inch. Mr. Kimber*s three volumes, viz. : Vauban's First 
System, The Modem System, and Field- Works, will accompany 
the Models. Price for the Set of Three, with books, $60. 
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Rifles and Rifle Practice. 

An Elementary Treatise on the Theory of Rifle FiriDg ; explain- 
ing the causes of Inaccuracy of Fire and the manner of cor- 
recting it ; with descriptions of the Infantry Rifles of Europe 
and the United States, their Balls and Cartridges. By Capt 
C. M. Wilcox, U. S. A. New edition, with engrayings and 
cuts. Green cloth. $1.75. 

"Althongh eminentlv- % sclentiflo woric, epeclal care seems to hsre been 
taken to avoid the use of technical terms, and to make the whole subject readily 
comprehensible to the practical enquirer. It was designed chiefly for the 
nse of Volunteers and Militia; but the War Department has evinced its ap- 
proral of its merits by ordering from the publisher one thousand copies, for the 
use of the United States Army/'' — LouiwilU Journal. 

**The book will be found intensely interesting to all who are watching th« 
changes in the art of war arising Arom the introduction of the new rifled armib 
We recommend to oar readers to buy the \Mo\L.'^-~MiiUary Gazettt. 

** A most Tttlnable treatisc^—^eto York. Herald. 

**' This book is quite original In Its character. That character is complete- 
ness. It renders a study of most of the works on the rifle that have been 
published quite unnecessary. We cordially recommend the book.^'— ITmfod 
Bervic6 OametU, London. 

**The work being in all Its parts deriyed ftom the best sources, is of the 
highest authority, and will be accepted as the standard on the subject of which 
it treats."— ATmo Yorker. 

Army Officer's Pocket Companion. 

Principally designed for Staff Officers in the Field. Partly trans- 
lated from the French of M. de Boutre, Lieutenant-Colonel 
of the French Staff Corps, with Additions from Standard Amer- 
ican, French, and English Authorities By Wm. P. Craighill, 
First Lieutenant U. S. Corps of Engineers, Assist. Prof, of 
Engineering at the U. S. Military Academy, West Point. 
1 vol. 18mo. Full roan. $1.60. 

** I hare carefnllT examined Capt Csaighill^s Pocket Companion. I find 
it one of the very Sest works of the kind I have ever seen. Any Army or 
Volunteer officer who will make himself acquainted with the contents of this 
little book, will seldom be ignorant of his duties In camp or field.^ 

H. W. HALLECK, 
Mi^or-General U. 8. A. 
** I have carefhllv examined the * Manual for Staff Officers in th« Field/ It 
is a most invaluable work, admirable in arrangement, perspicnously written, 
abounding in moet useful matters, and such a Dook as should be the constant 
pocket companion of every army of^cdT^ Regular and Volunteer."* 

G. W. CULLUM, 
Brigadier-General U. 8. A. 
Chief of General Halleck's Staf^ 
Chief Engineer Department Mississippi 
**This little volume contains a large amount of indispensable information 
relating to officers' duties in the siege, camp, and field, ana will prove to thea 
a most valuable pocket companion. It is illustrated with plans and drawings^** 
-^Boston Com. BuUeUn. 



D, Van I^ostrand^s Pttblications. 

Nautical Routine and Stowage, 

With Short Rules in Navigation. B7 John McLbod Murphy, and 
Wif. N. Jkffbrs, Jr., U. S. K .1 vol. 8vo, doth. $2 60. 



Union Foundations. 

A Study of American Nationality, as a Fact of Science. By Major 
E. B. Hunt, Corps of Engineers, U. S. A 1 vol. 8vo, paper. 
30 cents. 



Standing Orders of the Seventh Reg- 
iment, National Guard. 

For the Regulation and Government of the Regiment in the Field or 
in Quarters. By A Dueyee, Colonel. New edition. Flexible 
cloth. 40 cents. 

"ThlB, which Isanew edition of a popular work, cannot fail to be eagerly 
Bonght after, as presenting clearly and succinetly the principles of organization 
and discipline of a most &vorite corps. An appropriate Inaez Ikcilitates refei^ 
ence to tne matter of the volume.'''' — J^ew Yorker. 



The Automaton Regiment; 

Or, Infantry Soldiers' Practical Instructor. For all Regimental Move- 
ments in the Field, By Gr. Douglas Brewebton, U. S. A. 
Neatly put up in boxes, price $1 ; when sent by mail, $1 40. 

The "* Automaton Begiment'' Is a simple combination of blocks and eonntens 
BO arranged and desif^nated by a careftilfjr considered contrast of colors, that it 
supplies the student with a perfect miniature regiment, in which the position in 
the battalion of each company, and of every officer and man in each division, com* 
pany, platoon, and section is clearly indicated. It supplies the studious soldier 
with the means whereby he can consult his **tactics,^^ and at the same time j<^ 
practice to theory by manceuvring a mimic regiment. 



The Automaton Company; 

Or, Infantry Soldiers* Practical Instructor. For all Company Move- 
ments in the Field. By Gr. Douglas Bbewebton, U. S. A. 
Price in boxes, $1 25 ; when sent by mail, $1 95. 

The Automaton Battery; 

Or, Artillerists' Practical Instructor. For all Mounted Artillery Ma- 
noeuvres in the Field. By Gr. Douolas Brbwerton, U. S. A. 
Price in boxes, $1 ; when sent by mail, $1 40. 
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Siege of Bomarfund (1854). 

Journals of Operations of the Artillery and Engineers. Published 

by permission of the Minister of War. Illastrated by maps and 

plans. Translated from the French by an Army Officer. 

1 vol. 12mo, cloth. 75 cents. 

**To military m«B thia little rolame Is of special Interest It contains a 

translation by an officer of the United States Army, of the journal of operations 

by the artillery and engineers at the siege of Bomarsond in 1854s pobiuhed by 

permission of the French Minister of War in the Jounutl dea Armes8»p6cialM 

€t de PJBka Ma)or. The account of the same snoceasfhl attack, given by Sir 

Howard Douglas in the new edition of his work on Qunnerr, is appended; and 

the narrative is illastrated by elaborate maps and plans."— Jvmo York Faptt* 

Lefsons and Pradical Notes on 
Steam, 

The Steam-Engine, Propellers, &c., &c., for Young Marine Engi- 
neers, Students, and others. By the late W. R. Kino, U. S. N. 
Revised by Chief-Engineer J. W Kino, U. S. Navy. Kfkh 
edition, enlarged. Svo, cloth. $2.00 

**This is the second edition of a valuable work of the late W. B. KxifO, 
U. 8. N. It contains lessons and practical notes on Steam and tJie Steam- 
Engine, Propellers, &c It is calculated to be of great use to young marine en- 
gineers, stuaents, and others. The text is illustrated and explained by numerous 
aiagrams and representations of machinery. This new edition has bieen revised 
and enlarged by Chief Engineer J. W. Kivo, U. S. K., brother to the deceased 
author of the yroT\sJ'-^ Boston Daily Advertiser. 

** This is one of the best, because eminently plain and practical, treatises on 
the Steam-Engine ever published.''— fA*/atf«7pAia Prese, 

"• Its re-publication at this time, when so many young men are entering the 
eervioe as naval engineers, is most opportune. Each of them ought to have a 
eopj.^^—PMladelpkia Evening BtuUtin, 



Manual of Internal Rules and Reg- 
ulations for Men-of-War. 

By Commodore U. P. Lett, TJ. S. N., late Flag-oflBccr command- 
ing U. S. Naval Force in the Mediterranean, &c. Flexible 
bine cloth. Second edition, revised and enlarged. 50 cents. 

"Among the professional publications for which we are indebted to the wan 
we willingly give a prominent place to this useful little Manual of Bulesand 
Besrulations to be observed on board of ships of war. Its authorship is a suffi- 
cient guarantee for its accuracy and practical value ; and as a guide to young 
officers in providing for the discipline, police, and sanitary goverament of the 
vessels under Uieir command, we know of nothing superior." — iv. T. Merald, 

" Should be In the hands of every Naval officer, of whatever grade, and will 
not come amiss to any intelligent mariner."— -B^^ton. Traveller. 

"A work which will prove of tmAt utilitv, in both the Naval eervioe and 
the mercantile mar ne."'-^a^mors American. 
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D. Van Nbstrand^s PubUccOions. 

A Treatife on Ordnance and Naval 
Gunnery. 

Compiled and arranged as a Text-Book for the U. S. Naval Acad- 
emy, by Lieutenant Edwabd Simpson, U. S. N. Second edi- 
tion, revised and enlarged. 1 yoL 8yo, plates and cuts, half 
morocco. $4. 

« Ab the compiler has ebanse of the instmetion In Naval Otmnerr at the 
Naval Academy, his work, in the compilation of which he has oonsalted a large 
number of emioent aathoritfes, is probably well suited for the purpose designed 
by it— namely, the circulation of information which many officers, owing to 
constant service afloat, may not have been able to collect. In simple and plain 
langqageit gives instruction as to cannon, gun carriages, gimnowder, projectiles, 
fuzes, locks, and primers ; the theory of pointing guns, rines, the practice or 
gunnery, and a great vailety of other similar matters, interesting to fighting 
men on sea and land."^ — WoHhington Daily Globe. 

** A vast amount of information is conveyed In a readable and fkmiliar form. 
The illustrations are excellent, and many of them unique, being colored oi 
bi-onzod so as lo represent various military arms, &c, with more than photo- 
graphic literalness.*^— Wcuhinffton Star. 

**It is scarcely necessary for ns to say that a work prepared by a writer so 
practicallv conversant with all the sut^iects of which he treats, and who has such 
a reputation for scientific ability, cannot fail to take at once a high place amons 
the text-books of our naval service. It has been approved by the secretary of 
the Navy, and will henceforth be one of the »tandara authorities on all matten 
connected with Naval Gunnery."— i\r«u) Tork Herald. 

**Tbe book Itself Is admirably arranged, characterized bv great simplicity 
and clearness, and certainly at this time will be a most valuable one to officers 
of the Navy.'^— .Aos^on ComiMrdal BulUMih. 

"Originally designed as a text-book. It Is now enlarged, and so far modified 
in its plan as to make it an invaluable hand-book for the naval officer. It is 
comprehensive— preserving the cream of many of the best books on ordnance 
and naval gnnnery^nd is printed and illustrated in the most adminble man- 
ner."— iVw York World. 



Elementary Inftruction in Naval 
Ordnance and Gunnery. 

By James H. Wabd, Commander U. S. Navy, Author of " Naral 
Tactics,** and "Steam for the MilHon." New edition, revised 
and enlarged. 8vo. Cloth, $2. 

** It conveys an amount of information in the same space to be found no- 
where else, and given with a clearness which renders it useflil as well to tho 
general as the professional inquirer.''— J^ Y. Evening Poet. 

** This volume is a standard treatise upon the subject to which it is devoted. 
It abounds in valuable information upon all the points bearing upon Kavol 
Gunnery."— JV: Y. Oummercidl Advertiser. 

**The work is an exceedingly valuable one, and is opportunely issued."* — 
JBotton Journal, 
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Sword-Play. 

THE MILITIAMAN'S MANUAL AND SWORD-PLAY WITHOUT 
A MASTER. — Rapier and Broad-Sword Exercises copiously 
Explained and Elustrated ; Small-Arm Light Infantry Drill of 
the United States Army ; Infantry Manual of Percussion Mus- 
kets ; Company Drill of the United States Cavalry. By Major 
M. W. Bbbriman, engaged for the last thirty years in the prac- 
tical instruction of Military Students. Second edition. I vol 
12mo, red cloth. |1. 

•* Captain Berrlman has had thirty years' experience in teaching militanr 
Btndents, and his work is written In a simple, clear, and soldierly style. It is 
illustrated with twelve plates, and is one of the cheapest and most complete 
works of the kind published in this country.** — -A^wo York World, 

**Thia work will be found yery valuable to all persons seeking military in- 
struction ; but it recommends itself most especially to officers and those who 
have to use the sword or sabre. We believe it is the only work on the use of 
the sword published in this country."— ^eto York Tablet, 

•* It is a work of obvious merit and value."— -Ba»/<w TrwceUer, 



Military Law and Courts Martial, 

By Capt. S. V. Bknkt, U. S. Ordnance, Asst. Prof, of Ethics in the 
United States Military Academy. 1 vol. 8yo. Law sheep. $3. 



The Artillerift's Manual : 

Compiled from various Sources, and adapted to the Service of the 
United States. Profusely illustrated with woodcuts and engrav- 
ings on stone. Second edition, revised and corrected, with 
valuable additions. By Capt. John Gibbon, U. S. 

Army. 1 vol. 8vo, half roan, $5 ; 

This book is now considered the standard authority for that particular branch 
of the Service in the United States Army. The War Department, at Washing- 
ton, has exhibited its thorough appreciation of the merits of this volume, the 
want of which has been hitherto much felt in the service, by subscribing for 700 
copies. 

** It is with great pleasure that we welcome the appearance of a new work on 
this subject, entitled *The Artillerist's Manual,* by Capt John Gibbon, a 
highly scientific and meritorious officer of artillery in our regular service. The 



lue Bimpie insDuai ana loe more aosiruso aemonstrations of the science of gun- 
nery. The whole work is proflisely illustrated with woodcuts and engra^ngs 
on stone, tending to give a more complete and exact idea of the various matters 
described in the text. The book may well be considered as a valuable and im* 
portant addition to the military soieiioe of the country,*^— i^eto York BtroiA, 
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Elements of Military Art and History. 

Comprising the History of the Tactics oi the separate Arms, the Com- 
bination of the Arms, and the minor operations of War. By Ed- 
ward DE LA Barrb Dupabcq, Captain of Engineers, and Profes- 
sor of the Military Art in the Imperial School of Saint Cyr. 
Translated by Brig.-Gen. George W. Cullum, U. S. A., Chief of 
the Staff of Major-General H. W. Halleck, U. S. A. 1 vol 8vo, 
cloth. $4. 

''I read the orlgliiAl a few years since, and considered it the tbtj best work I 
had seen upon uie subject, Gen. Cnllom's ability and funiliiirity with the 
technical lanonage of French military writers, are a sufficient guarantee of the cor- 
rectness of his translation. 

•* H. W. HALLECK, Mi^r^en., U. 8. A." 

** I baye read the book with £:reat interest, and trust that it will have a large 
circulation. It cannot fail to do good by spreading that verv knowledge, the 
want of which among our new, inexperienced, and untaught soldiers, has cost us 
so many Uvea, and so much toil and treasure. 

"M. C. MEIGS, Quartermaster Gen., U. 8. A."" 

*^ I have carefully read most of Gen. Gullum's translation of M. Barr6 Duparcq*s 
* Elements of Military Art and History.* It is a plain, concise wcwk, well suited to 
our service. Our volunteers should read and study it I wish it could be widely 
circulated among our officers. It would give them a cooiprebensive knowledge 
of the different arms of the service, and invite farther investigation into the pro- 
fession of arms which they have adopted. A careftil study ot such w<H*ks will 
make our officers learned and skilftii, as well as wise and socoessftil ; and they 
have ample time while they are campaigning to imnrove themselves in this re- 
gard. 8. K. CUKTIS, Mj^or-General, U. 8. A'* 



European Ordnance and Iron-Clad 
Defences, 

With some account of the American Practice, embracing the Fabri- 
cation and Test of Heavy Guns; Projectiles and Rifling; the 
Manufacture and Test of Armor, from official data, with a de- 
tailed account of English experiments ; the principles, structure, 
and classification of Iron-Glad Vessels; Marine Steam Machinery, 
Ac. By Alex. L. Hollet, B. P., author of " American and 
European Railway Practice," Ac. 1 vol 8vo, doth. With two 
hundred and fifty illustrations. In press. 



Cavalry: its History, Management, 
and Uses in War. 

By J. RoEMBR, late an Officer of Cavalry in the service of the Nether- 
lands. 1 vol. 8vo. With over two hundred beautifully engraved 
illustrations. Price $5 00. 



